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1ABSTRACT
The growth of Oreochromis mossambicus in freshwater and
seawater was investigated in relation to different dietary
mineral, vitamin, protein and energy contents, different dietary
rations and different dietary protein sources. Various
bioenergetic parameters such as feed intake, digestion,
absorption, assimilation, excretion, metabolism and growth were
measured to provide information about the nutrient requirements
of 0. mossambicus in freshwater and seawater.
For culturing 0. mossambicus in freshwater and seawater,
feeds with low energy (2 Kcal/g) and protein (20%) contents were
inferior to feeds with higher energy and protein contents because
of a prime demand for energy and protein to support maintenance
requirement before growth could be attained. Dietary mineral and
vitamin premixes did not influence fish growth. The present
results also demonstrated successful Spirulina utilization by 0.
mossambicus, which was attributed to the high algal digestion and
assimilation efficiencies.
Growth and feed utilization were generally lower in seawater
than in freshwater. This was attributed to higher energetic cost
for maintenance and lower digestion efficiency in seawater, which
would be the consequence of osmo-regulation in hypertonic
environment. On the other hand, a higher rate of protein
degradation was found in freshwater, which might be an adaptive
mechanism for osmo-regulation in hypotonic environment. Salinity
2affected the protein and energy requirements of 0. mossambicus.
In seawater, a high energetic cost for maintenance and a low
digestion efficiency prompted an increase in requirement of
dietary energy regardless of the dietary energy sources. In
freshwater, there was a high requirement of dietary protein
energy for osmo-regulation and growth.
Salinity also affected the feed requirements of 0.
mossambicus. When a dry formulated feed with an energy content
of 4.5 Kcal/g and a protein to energy ratio of 116 mg/Kcal was
provided, the optimal and maximal daily rations for freshwater
culture were 2% and 3% initial body weight respectively. In
contrast, both the optimal and maximal daily rations in seawater
were 2% body weight. At a daily energy supply of 45 cal/g fish,
the physical characteristics (hardness) of feeds had very little
effect on growth in freshwater. This situation was different in
seawater where fish fed dry hard feeds showed considerably lower
growth than fish fed semi-moist feeds.
In order to increase the cost efficiency of the freshwater
culture of 0. mossambicus, more attention should be paid on the
protein requirement of the fish. The present results showed that
a feed with a protein content of at least 30% was needed for
culturing the species in freshwater. Additionally, the optimal
protein content and protein to energy ratio should be around 40%
and 88 mg/Kcal respectively.
Seawater culture of 0. mossambicus would be possible only if
3the daily energy supply was 45 cal/g fish depending on the
composition, form and ration of the feed. The yield of seawater
culture would be comparable to that of freshwater culture when
(1) high energy density feeds, (2) easily digested feeds and (3)
suitable rations were used.
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freshwater fish: freshwater-reared Oreochromis mossambicus
seawater fish: seawater-reared 0. mossambicus
SGR: specific growth rate
FCE: feed conversion efficiency
PER: protein efficiency ratio
muscle water: water content in muscle
muscle lipid: lipid content in muscle
muscle protein: protein content in muscle
protein dig.: protein digestibility
chymotrypsin: chymotrypsin activity in intestine
trypsin: trypsin activity in intestine
amylase: amylase activity in intestine
cellulase: cellulase activity in intestine
liver NH3: ammonia content in liver
liver GOT: glutamate-oxaloacetate transaminase activity in liver
liver GPT: glutamate-pyruvate transaminase activity in liver
liver GDH: glutamate dehydrogenase activity in liver
liver G6Pase: glucose-6-phosphatase activity in liver
liver FDPase: fructose-1,6-diphosphatase activity in liver
basal 0?: basal metabolism
02 feeding: specific dynamic action
basal NH: basal rate of ammonia excretion
N113 feeding: rate of ammonia excretion after feeding
seum a.a.: amino acid content in serum
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In recent years, as a result of overfishing, aquaculture has
become an increasingly important source of fish protein in the
world (Chung, 1987). A high rate of fish growth is indispensable
for a high production of fish protein. Fish growth, which
represents the outcome of a series of behavioural and
physiological processes, is a complex activity in the organism
(Brett, 1979). Various abiotic (e.g. temperature, salinity and
oxygen availability etc.) and biotic factors (e.g. food
abundance, availability, composition and digestibility, age, sex
and group activity etc.) have been shown to influence fish growth
(Weatherley, 1976 Brett, 1979), and therefore affect the yield
of aquaculture. Among these factors, metabolic input (i.e. food
intake) is considered as the ultimate drive of fish growth. It
is because all behavioural and physiological processes are
necessarily supported by metabolic activities which in turn are
ultimately sustained by food intake.
In order to develop successful fish culture, a complete
study on the nutritional requirement of the cultured species is
necessary. Determination of the optimal quality (including
dietary composition and sources of the dietary components) and
quantity (including feeding level and frequency) of food supplied
for the cultured species remains the main objective of fish
nutritionists (Cho et al., 1985). Most of the nutritional
studies are aimed to establish an optimal feeding regime for
2attaining higher growth and better feed utilization, which
eventually increase the yield and profit of aquaculture.
Tilapias (Oreochromis spp.) constitute a major group of
species that are cultured in freshwater ponds in the tropics
(Bardach et al., 1972 De Silva and Perera, 1984 Manzano, 1988).
The main food supplies for the cultured tilapias are the pond's
natural production of algae, plankton, detritus and benthic
organisms (F.A.O., 1983). Fertilizers such as animal manures are
often added to the culture ponds to increase the productivity of
algae and other organisms, and thus increase the food supply to
the fish. It is worth noting that this culture regime does not
take in consideration the nutrient requirements of the fish. If
the nutrient requirements of the fish are not satisfied, then the
fish will not grow at their maximal rates. For example, in Lake
Sibaya, South Africa, tilapia fed exclusively on benthic
detrital aggregate appeared to suffer from severe malnutrition
(Bowen, 1979). In order to increase the growth/productivity of
these cultured species, nutritionally balanced formulated feeds
are required (Cho et al., 1985). Unfortunately, very little is
known about the nutrient requirements of tilapias and about their
growth responses to artificial formulated feeds (Bardach et a1.,
1972 De Silva and Perera, 1984). It is clear that more studies
on the nutrient requirements of tilapias should be carried out in
order to determine the optimal feeding regime for maximal
production.
In arid areas such as Saudi Arabia (Al-Amoudi, 1987) and
3Kuwait (Al-Ahmad et a]., 1988), the lack of natural supply of
freshwater and the demand for fish production have prompted the
development of seawater fish culture. Similarly, seawater fish
culture is also needed in densely populated countries where there
is an inadequate supply of land for fish ponds. Many of the
world's cultured fish species are euryhaline (Ferraris et a1.,
1986). Fast growing, commercial cultured and euryhaline tilapias
are potential candidates for seawater culture (De Silva and
Perera, 1984 Al-Amoudi, 1987 McGrachin et a1., 1987 Al-Ahmad
et al., 1988). In order to culture the tilapias in these areas,
knowledge of their growth responses and feed requirements in
seawater needs to be known before suitable feeds can be
formulated for supporting maximal growth in seawater.
Unfortunately, there is little information about the growth
responses of tilapias in seawater (Al-Amoundi, 1987 McGeachin et
a1., 1987), about their feed requirements in seawater (Al-Ahmad
et a1., 1988) and about the effects of salinity on the protein
and energy requirements of euryhaline fish (Zeitoun, 1973 Tacon
and Cowey, 1985). It seems that the nutrient requirements of the
euryhaline tilapias in seawater should be identified before any
cost efficient seawater culture of the fish can be undertaken.
Animal bioenergetics concerns the rates of energy
expenditure, the losses and gains, and the efficiencies of energy
transformation, as functional relations of the whole organism
(Brett and Groves, 1979). The bioenergetic parameters (i.e. food
consumption, excretion, metabolism and growth) are subject to
quantitative changes which depend on the quality and quantity of
4food, physiological peculiarities of the fish, and environmental
conditions (Brett and Groves, 1979 Fischer, 1979). In other
words, measuring various bioenergetic parameters will provide
information about the nutritive values of food and about the
nutritional requirements of fish under various environmental
conditions. This information is essential for devising the
optimal feeding regime for maximal fish production. Therefore,
bioenergetic studies are of fundamental importance to the advance
of aquaculture (Brett and Groves, 1979).
In the present studies, the bioenergetics of an euryhaline
commercially cultured tilapia, Oreochromis mossambicus in
freshwater and seawater was investigated in relation to different
dietary mineral, vitamin, energy and protein contents, different
feeding rates (rations) and different dietary protein sources.
The aim was to provide information about the nutrient
requirements of the euryhaline tilapia in freshwater and
seawater. The information was hoped to be useful for improving
the cost efficiency of the freshwater tilapia culture and
formulating suitable feeds for culturing the tilapia in seawater.
The studies consisted of four experiments.
Experiment -one :
The bioenergetics of 0. mossambicus was investigated in
relation to salinity (salinity variables: freshwater and
seawater) and dietary input (diet variables: mineral, vitamin,
energy and protein contents). The specific objectives were (1)
to investigate the effects of mineral, vitamin, energy and
5protein contents in artificial dry feeds on the growth of 0.
mossambicus, (2) to clarify the nutrient requirements of 0.
mossambicus in freshwater and seawater and (3) to evaluate the
possibility of culturing 0. mossambicus in seawater.
Experiment two:
Bioenergetic studies were conducted in freshwater and
seawater 0. mossambicus fed an artificial diet at different
rations (1, 2 and 3A initial body weight per day). The specific
objectives were (1) to investigate the effects of salinity on
the feed requirement of 0. mossambicus and (2) to determine the
optimal and maximal rations for culturing 0. mossambicus in
freshwater and seawater.
Experiment three:
Bioenergetic studies on freshwater and seawater 0.
mossambicus fed different Spirulina diets were conducted in order
to evaluate the possibility of using Spirulina as an alternative
protein source in preparing feed for the species.
Experiment four:
Growth of both freshwater and seawater 0. mossambicus fed
different semi-moist feeds with different protein and energy
contents were measured in order to investigate the effects of
salinity on the protein and energy requirements of the species.
6CHAPTER 2
REVIEW OF THE LITERATURE
2.1 NUTRITIONAL ASPECTS OF FISH GROWTH
2.1.1 Nutrient requirements of fish
A balanced fish diet should contain sufficient amounts of
energy, protein, minerals and vitamins. Energy from protein,
lipid or carbohydrate is essential for supporting various
activities of fish such as locomotion, feeding, digestion and
absorption of food, transportation of nutrients, build up of
materials, excretion of harmful wastes and osmo-regulation.
Protein is indispensable for growth although it may also act as
an energy source. Minerals and vitamins are essentially involved
in biochemical processes like regulation of enzyme activity and
transportation of materials, although they are needed in trace
amounts.
2.1.1.1 Effects of dietary minerals and vitamins on fish growth
Minerals and vitamins are important physiological
requirements of fish, although they are non-energy food (Fischer,
1979). However, their effects on fish growth are difficult to
assess. The possible reasons are:
(1) Since there are numerous minerals and vitamins, it is
difficult to completely determine their effects on fish growth.
Besides, there are also interactions among various vitamins and
7minerals on fish growth. For example, large amounts of calcium
in a diet may lower the absorption of dietary zinc (Cho et al.,
1985). Furthermore, they are needed only in trace amounts, and
may be present in other dietary components and in the fish body.
These would complicate attempts to assess the exact requirements
of dietary minerals and vitamins
(2) their effects may be masked by other growth limiting factors
such as meal size (Butthep et al., 1985) and dietary protein and
energy contents.
The possible effects of vitamins and minerals are commonly
studied in two ways: (1) to determine the effects of a premix,
and (2) to determine the effect of a single vitamin or mineral at
a time. Individual vitamin and mineral have been shown to be
important for growth and proper functioning of fish as long as a
nutritionally balanced diet is provided. For example, Clarias
batrachus fed riboflavin-, pyridoxine-, pantothenic acid-, folic
acid-, niacin- and ascorbic acid-deficient diets grew slower than
that fed a complete vitamin diet (Butthep et al., 1985) weight
gain in Oreochromis niloticus increased with increasing dietary
magnesium content up to 1.0 g/Kg feed (Dabrowski et al., 1989).
Many of the vitamin- and-mineral-deficiency symptoms have been
summarized by Cowey and Sargent (1979) and Cho et al. (1985).
2.1.1.2 Effects of dietary energy content on fish growth
Positive growth occurs only when the energy requirement for
8maintenance has been satisfied (Brett, 1979). It is generally
agreed that increases in dietary non-protein energy content would
result in increased fish growth. In case of providing diets
deficient in non-protein energy, a great part of the dietary
protein will be catabolized to fulfill the energy requirement for
maintenance (Cho et al., 1985). This will therefore result in
lowered protein retention and growth. Growth enhancement
resulting from increases in dietary energy content has been
shown, for example, in Ictalurus punctatus (Margan et al., 1977),
Clarias gariepinus (Machiels and Henken, 1985), Salmo gairdneri
(Reinitz et al., 1978 Beamish and Medland, 1986) and Salvelinus
alpinus (Tabachek, 1986). However, it is very important to point
out that more efficient utilization of dietary protein for growth
can be achieved by increasing the dietary energy content as long
as protein intake is above a critical threshold (Beamish and
Medland, 1986). In experiments with Ictalurus punctatus,
increased weight gain resulting from an increase in dietary lipid
content occurred only when diets with 35% protein but not 25%
protein were provided (Morgan et al., 1977).
Fish eat to fulfill their energy requirements (Cowey and
Sargent, Fletcher, 1984 1979 Cho et al., 1985). Appetite/food
intake varied inversely with dietary energy content in Salmo
gairdneri (Beamish and Medland, 1986). In case of providing
diets with excess non-protein energy, appetite or energy demand
will have been satisfied before sufficient amounts of protein and
other nutrients are ingested to satisfy the demand for maximal
protein synthesis and growth (Cho et al., 1985). Therefore, a
9diet with excess non-protein energy will result in lowered
growth rate. Actually, among various diets with energy contents
of 8, 13 and 17 KJ/g, the highest growth rate was found in
Clarias gariepinus fed the diet with. an intermediate energy
content of 13 KJ/g (Machiels and Henken, 1985). Additionally,
at a constant protein supply, increases in dietary energy content
caused obvious decreases in carcass amino acid content in
Cyprinus carpio (Schwarz and Kirchgessner, 1988).
2.1.1.3 Effects of dietary protein content on fish growth
Protein is not only a metabolic fuel but is also
indispensable for growth. The effects of dietary protein content
on growth is usually assessed by measuring the weight gains in
fish fed various isocalorific diets with different protein
contents. It is generally agreed that increases in dietary
protein content will lead to growth improvement (Cowey and
Sargent, 1979). Higher growth rates resulting from increases in
dietary protein content have been demonstrated, for example, in
Ctenopharyngodon idella fry (Dabrowski, 1977), juvenile
Sarotherodon mossambicus (Jauncey, 1982), Salmo gairdneri
(Beamish and Thomas, 1984) and Clarias gariepinus (Machiels and
Henken, 1985). In addition, in Oreochromis niloticus breeders, a
40% protein diet resulted in significantly higher growth and fry
production than a 20% protein diet (Santiago et al., 1985).
However, when the dietary protein content exceeded a certain
value, no further increase in growth or even growth depression
has been reported, for example, in grass carp fry (Dabrowski,
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1977), Tilapia zillii (Mazid et a1., 1979), juvenile tilapia
(Jauncey, 1982) and walking catfish fry (Chuapoehuk, 1987). This
may be the consequence of a decrease in protein digestion
efficiency (De Silva and Perera, 1984), and the high energetic
cost associated with digestion and metabolism of protein (Boyd
and Goodyear, 1971 in Bowen, 1979).
2.1.2 Protein requirement of fish
Fish generally have a higher protein requirement than the
terrestrial homeotherms (Cowey and Sargent, 1979 Love, 1980
Watanabe et al., 1983). Pandian and Vivekanandan (1985) have
summarized the results of various studies on the protein
requirements of different carivorous, omnivorous, herbivorous and
detritivorous fish. They suggested that the mean protein
requirement of fish is about 49% weight of feed. The reasons for
such a high protein requirement in fish have been suggested in
earlier studies (Cowey and Sargent, 1979 Pandian and
Vivekanandan, 1985). They are:
(1) Fish have a lower energy expense (i.e. a lower energy
requirement) in maintaining body temperature than terrestrial
birds and mammals (Nijkamp et al., 1974 in Tacon and Cowey,
1985 Pandian and Vivekanandan, 1985). The lowered energy
requirement in fish not only decreases the energy intake but also
increases the percentage of protein in diet (Pandian and
Vivekanandan, 1985)
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(2) In water, locomotion and maintenance of position require
less energy when compared to those in air (Cowey 1980 in Pandian
and Vivekanandan, 1985)
(3) Fish have a poorer efficiency of carbohydrate utilization
than terrestrial birds and mammals. This was evidenced by a
lower hexokinase activity (Nagayama et al., 1972 and Newsholme
and Start, 1973 in Cowey and Sargent, 1979), a lower proportion
of red: white muscle (Cowey and Sargent, 1979) and a lower rate
of mobilization of liver glycogen (Nagai and Ikeda, 1971a in
Cowey and Sargent, 1979) in fish
(4) Fish are more dependent on gluconeogenesis rather than
glycogenolysis for glucose production (Cowey and Sargent,
1979)
(5) There are higher amino acid requirements in fish than
terrestrial mammals (Mertz, 1969, and Nose and Arai, unpublished
data in Cowey and Sargent, 1979 Cowey, 1975 in Tacon and Cowey,
1985)
(6) In order to avoid the accumulation of toxic ammonia in
tissues, ammonia must be transformed to the non-toxic urea or
uric acid in terrestrial homeotherms. However, in water, the
primary waste of protein degradation, ammonia, is mostly
excreted through gills and diluted by surrounding water.
Thus, fish possesses a much efficient mechanism for protein
catabolism and excretion of nitrogeneous waste (Tacon and
Cowey, 1985):
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(7) There are some associated advantages such as ion uptake and
elimination of body carbon dioxide in excreting the nitrogeneous
wastes in the form of ammonia through the gills (Maetz and
Garcia-Romeu, 1964).
Love (1980) summarized the diets of about 600 fish species
and his summary was further analyzed by Pandian and Vivekanandan
(1985). They found that about 85% of the species are carnivores
and also suggested that the avoidance of the labourious process
of foraging in herbivores and filter feeders is one possible
advantage of carnivory in fish. In the diets of carnivores,
protein is almost the sole energy source. This also explains the
importance of protein for supporting the energy requirement and
growth of fish.
A high protein requirement in fish has therefore led to
intensive studies on the optimal dietary protein content (Cowey,
1979). It is because protein is not only a metabolic fuel but is
also obligatorily needed for growth. In addition, protein is the
most expensive ingredient in fish diets.
2.1.3 Nutritional values of different proteins ror risn
Various animal and plant proteins have been used in
formulating fish diets. Among the proteins tested, animal
proteins were found to be superior to plant proteins in
supporting a' high growth rate (F.A.O., 1983 Ferraris et al.,
1986 Hanley, 1987). This can be partially explained by the
carnivory in fish and the labourious and energy-demanding process
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of digesting plants (Pandian and Vivekanandan, 1985). Another
explanation would be that animal proteins are rich in essential
amino acids, particularly lysine and methionine which are
limiting in most plant proteins (F.A.O., 1983).
The presence of animal proteins especially fish meal can
greatly improve the nutritive value of a fish diet (F.A.O.,
1983). Fish meal is prepared from dried fish and subsequently
grounded to a powdery texture. Andrews and Page (1974) have
studied the growth factors in the fish meal component of catfish
diets. Their findings were analyzed by Cowey and Sargent (1979).
The latter authors suggested that (1) growth factors are present
in the lipid-free, ash-free protein fraction of fish meal, (2)
when compared to other plant proteins like that in soybean meal,
there is a higher amino acid availability from fish meal, and
(3) in fish meal, there is a delicate balance of amino acids
which will be ruined by partial substitution with other plant
proteins.
Since fish meal has been shown to be highly efficient in
promoting fish growth (e.g. in studies cited in Cowey and
Sargent, 1979 Seneriches and Chiu, 1988), a high global demand
for fishmeal has therefore resulted in an inadequate supply of
the highly efficient, but expensive commodity. Thus, many fish
nutritionists are exploring the use of other cheaper plant
proteins as a substitute for fish meal.
Unfortunately, most results have shown that plant proteins
aPnPrlly suDDort a slower growth rate than fishmeal (Dabrowski
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and Kozak, 1979 Ferraris et al., 1986 Wee and Wang, 1987
Olvera et al.,1988). It is because plant proteins (1) do not
contain a balanced amino acid profile, (2) are poorly digested
and (3) contain toxins that cause poor growth and high mortality
of fish (Jackson et al., 1982 Machiels, 1987). The successful
use of plant proteins as a substitute for fishmeal has to wait
before these problems can be solved. Supplementing the limiting
amino acid in the plant protein, drum drying to break the plant
cell wall and thus to increase the nutrient availability, and
heating to remove the thermolabile toxin in plant proteins seem
to be some possible solutions to these problems.
2.1.4 Factors affecting protein utilization in fish
Protein utilization in fish, besides being species-specific,
is mainly affected by dietary composition, feeding regime and
environmental factors (Steffens, 1981). Protein digestibility,
protein efficiency ratio (PER) and protein productive value (PPV)
are commonly followed for determination of protein utilization
efficiency (Utne, 1979).
ingested protein- fecal protein









2.1.4.1 Fish species and size
Protein digestibilities in a carnivorous species, Salmo
gairdneri and an omnivorous fish, Cyprinus carpio have been
reviewed by Jobling (1983). The carnivore was inferior to the
omnivore in digesting the proteins from plants such as Spirulina
maxima and soyabean. Additionally, significant differences in
protein digestibilities have been found among ten families of
rainbow trouts (Austreng and Refstie, 1979).
Ferraris et al. (1986) reported that the digestibility of
casein, defatted soybean meal and fish meal increased as a
function of size in Chanos chanos, which was in agreement with
the fact that proteolytic enzyme activity increased more or less
with increasing age in Coregonus hybrid, Salmo gairdneri and
Rutilus rutilus (Lauff and Hofer, 1984).
2.1.4.2 Diet composition
Different digestibility coefficients for various types of
protein have been found, for example, in Anguilla anguilla,L.
(Schmitz et al., 1984). Oreochromis niloticus (Hanley, 1987) and
Oreochromis mossambicus (Jackson et al., 1982 Davies and
Wareham, 1988). Generally, animal proteins are digested with
higher efficiencies than proteins of plant origin. For example,
in Salmo gairdneri, the protein digestibility of Spirulina alga,
soyabean and casein were 83, 44 and 97% respectively (Jobling,
1983).
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An increase in dietary protein content generally results in
higher rate of growth and better feed utilization. This has been
demonstrated, for example, in Ctenopharyngodon idella fry
(Dabrowski, 1977), Sarotherodon mossambicus (Jauncey, 1982), and
Clarias gariepinus (Machiels and Henken, 1985). At the same
time, the most rational protein utilization (as indicated by the
highest value of protein efficiency ratio and protein productive
value) was reached with a dietary protein level far lower than
that required for maximal fish growth (Steffens, 1981). These
suggest that increases in dietary protein content will generally
result in lower protein utilization but higher growth.
A reduction in dietary protein with a concomitant increase
in dietary lipid led to an improved protein assimilation
efficiency in Salmo gairdneri (LeGrow and Beamish, 1986). The
prominent protein sparing effect of non-protein energy sources
has also been demonstrated, for example, in Salmo gairdneri (De
La Higuera et al., 1977 Beamish and Medland, 1986) and
Anguilla anguilla (Degani and Viola, 1987).
2.1.4.3 Feeding regime
In feeding trials on juvenile carp and rainbow trout (cited
in Steffens, 1981), increasing the daily ration from 1% to 3%
body weight resulted in a higher protein utilization as
indicated by increased protein efficiency ratio and protein
productive value. However, there was a decrease in protein
utilization when the daily ration was higher than 3A body weight.
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At high rations, there would be a decrease in protein
retention efficiency as indicated by an increase in ammonia
excretion (Ramnarine et al., 1987 Kaushik and Gomes, 1988).
Contrarily, Cho et al. (1976) found that different rations did
not influence protein utilization in Salmo gairdneri. This was
indicated by similar values of digestible protein consumed/g
protein deposited in the fish fed different rations. Specific
dynamic action is an indication of protein degradation after
feeding (Beamish and LeGrow, 1986). A high value of specific
dynamic action indicates a high rate of protein degradation after
feeding, and therefore suggests a low protein utilization
efficiency. Beamish and MacMahon (1988) suggested that a high
ration would result in a reduction of specific dynamic action
because a decreased amount of energy would be spent for
mechanical and/or biochemical food processing (Beamish and
MacMahon, 1988).
Compared to the effects of ration and diet composition on
protein utilization, the influence of feeding frequency is less
extensively studied because of its relatively lower importance.
Frequent feeding led to poor growth and survival of Aristichthys
nobilis due to decreased digestion efficiency and appetite
(Carlos, 1988). On the other hand, carcass protein content in
Salmo gairdneri (Kaushik and Gomes, 1988) and specific dynamic
action in Stizostedion vitreum vitreum (Beamish and MacMahon,
1988) were not affected by feeding frequency.
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2.1.4.4 Environmental factors
Physical and chemical factors of water such as temperature,
salinity, oxygen level, pH and NH4 content certainly influence
the physiological state of fish which in turn affect the
efficiency of protein utilization (Steffens, 1981). These
factors which mainly control, limit, mask and direct feed
utilization have been extensively studied (Brett, 1979).
However, most attention has been paid to the effects of these
environmental factors on fish growth (i.e. the final outcome)
rather than on protein utilization and requirement.
Tacon and Cowey (1985) summarized the results of earlier
studies and then suggested that an increase in water temperature
up to an optimal level is accompanied by an increased feed
intake, increased growth rate and metabolic rate and a faster
gastro-intestinal transit time as long as food supply is not
limiting. These consequently influence the protein-utilizing
efficiency.
Only a few studies concerning the effect of salinity on
protein digestibility and requirement have been attempted (Tacon
and Cowey, 1985). Ferraris et al. (1986) reported that Chanos
chanos had a lower protein. digestion efficiency in seawater than
in freshwater. They therefore suggested that a lower protein
digestion efficiency in seawater would result in a high demand
for dietary protein in seawater. So it is generally agreed that
feeds with high protein contents are needed for culturing
euryhaline fish in seawater.
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2.1.5 Importance of lipid in fish diet
Similar to other animals, fish require lipid for supporting
metabolic activities, and maintaining the structure and integrity
of cellular membranes (Cowey and Sargent, 1979).
In the natural fish diets and fish body, the presence of
large amounts of lipid compared to carbohydrate (Cowey and
Sargent, 1979) suggests that lipid rather than carbohydrate is
the preferred energy source and reserve in fish. Dietary lipid,
to a certain extent, has been shown to spare protein from energy
formation and thus result in more protein available for growth
in Salmo gairdneri (Beamish and Medland, 1986) and Salvelinus
alpinus (Tabachek, 1986). Summarizing the results of
experiments on the optimal lipid intake, Cowey and Sargent
(1979) suggested that diets containing larger than 10% but less
than 20% lipid would result in excellent growth and protein
utilization. However, a high level of dietary lipid will cause
excess lipid deposition in carcass and thus will affect the
market acceptability considerably (Cowey and Sargent, 1979 Cho
et al., 1985). Indeed, increased amounts of dietary lipid
resulted in increased amounts of body fat in rainbow trout
(Reinitz et al., 1978 Reinitz and Hitzel, 1980), Israeli carp
and hybrid tilapia (Viola et al., 1988).
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2.1.6 The role of carbohydrate in fish diet
Although a low carbohydrate utilizing efficiency has been
found in fish, a carbohydrate content up to 25% in diet is as
effective as fat as an energy source for carp, channal catfish,
rainbow trout and plaice (Cowey and Sargent, 1979). However, it
is generally agreed that (1) adding carbohydrate to the diet of
carnivorous fish is ineffective in promoting growth, and (2)
herbivorous and omnivorous fish can efficiently utilize dietary
carbohydrate (Shimeno et al., 1979).
Shimeno et al. (1979) has compared the carbohydrate
digesting and catabolizing capacities of a carnivorous fish,
yellowtail and an omnivorous fish, carp. They found that the
carnivore had a lower efficiency of carbohydrate digestion and
catabolism (as indicated by lower gut amylase activity, and liver
and muscle phosphofructose kinase activities respectively) than
the omnivore. In addition, the carnivore possessed a higher
gluconeogenic capacity which was indicated by higher hepatic
glucose-6-phosphatase and fructose-1,6-diphosphatase activities.
However, in the carnivore, continuous feeding with diets
containing limited amounts of carbohydrate (about 20% but less
than 40%) resulted in good growth and better feed conversion.
The results were attributed to an increased energy
digestibility, an efficient adaptation of hepatic carbohydrate-
metabolizing enzymes and a protein sparing effect of
carbohydrate. These findings demonstrated that a limited amount
of carbohydrate is worth adding to diets for both omnivorous and
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carnivorous fish. Indeed, a prominent protein sparing effect of
carbohydrate and corresponding growth improvement have been
reported in a carnivorous fish, Anguilla anguilla fed a diet
containing 40% protein and 38% wheat meal when compared to the
fish fed a diet with 50% protein and 20% wheat meal (Degani and
Viola, 1987).
The low carbohydrate-utilizing efficiency in fish,
particularly in carnivorous fish, may be attributed to the
extremely low carbohydrate content in natural fish-diets.
Efficient adaptations for digesting, absorbing and metabolizing
artificial diets with varying composition have been reported, for
example, in Tilapia mossambicus Peters (Nagase, 1964), Cyprinus
carpio, Plecoglossus altivelis and Pagrus major (Kawai and Ikeda,
1971) and Salmo gairdneri (Randal and Hilton, 1987). In
aquaculture, the low carbohydrate-utilizing efficiency will
probably be improved by continuous feeding with diets containing
suitable amounts of carbohydrate.
2.1.7 Effects of ration on fish growth
In fish, the food energy is used for maintenance and/or
growth. However, maintenance has the first priority (Brett,
1979). When food supply is limited, most of the food energy will
be spent for maintenance and growth will be impaired.
Contrarily, given that the food has a satisfactory nutrient
balance, high rations will generally result in increased growth
rates. Indeed, increased growth rate resulting from increases in
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ration has been reported, for example, in Clarias lazera
(Nogendoorn, 1983), Oreochromis niloticus fry (Santiago et al.,
1987) and Aristichthys nobilis fry (Carlos, 1988).
However, when the ration exceeds a certain values, no
further increase in growth or even growth depression will be
observed. Actually, the maximal specific growth rate of
Salvelinus alpinus was observed when the ration was increased to
approximately 2% body weight (Eales and Shostak, 1985).
Similarly, a daily feed ration of 2% and 1.5% body weight were
found to be optimal for 70-130g and 250-400g Oreochromis
spilurus in seawater respectively (Al-Ahmad et al., 1988).
It is important to distinguish the maximal and optimal
rations. The maximal ration is the amount of food needed to
support the maximal growth rate (i.e. fish will grow at its
maximal rate when food is provided at maximal ration). On the
other hand, the optimal ration is the amount of food needed to
attain maximal feed utilization (i.e. the amount of feed required
per unit weight gain is minimal when the optimal ration is
provided). Optimal ration is crucial for profitable fish culture.
It is because a ration higher than the optimum will probably
result in decreased appetite (Fletcher, 1984), increased nutrient
loss and increased energy requirement for post-absorptive
nutrient processing (Kaushik and Gomes, 1988). These will
eventually lead to decreased feed utilization and increased feed
wastage, which in turn will elevate the cost of fish culture.
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2.1.8 Effects of salinity on protein and energy requirements of
euryhaline fish
Many of the world's cultured fish species are euryhaline
(Ferraris et al., 1986). Fast growing, euryhaline fish are
potential candidates for both freshwater pond culture and mari-
culture. There is evidence that the protein and energy
requirements of euryhaline fish are quite different at different
salinities. The evidence includes:
(1) Salmo gairdneri at 10 and 20°/00 seawater required diets with
40 and 45% protein for supporting maximal growth respectively
(Zeitoun et al., 1973)
(2) In Salmo gairdneri (Macleod, 1977) and Chanos chanos
(Ferraris et al., 1986), protein digestibilities of various
foodstuffs in seawater were lower than that in freshwater
(3) In Salmo gairdneri, the metabolic cost for osmo-regulation
in seawater was 27% higher than that in freshwater (Rao, 1968 in
Johnson and Katavic, 1986). Similar results was also found by
Eddy and Bath (1979)
(4) Fish eat to meet their energy requirements (Cowey and
Sargent, 1979 Fletcher, 198.4 Cho et al., 1985). In Cyprinodon
macularius, food intake increased with increases in ambient
salinity (Kinne, 1960), suggesting a high energy requirement in
seawater. Similar observation was also found in Mugil cephalus
(De Silva and Perera, 1976)
(5) Growth is an energy demanding process (Jobling, 1985), and
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there is a prime demand for energy to support maintenance
requirement before growth can be attained (Brett, 1979). A low
growth rate may indicate a high energy requirement for
maintenance. Growth and survival rates of Dicentrarchus labrax
larvae were increased when the ambient salinity was reduced from
38°/00 to 10 and 20 0/00 (Johnson and Katavic, 1986). This
suggested a high energy requirement in seawater. Similarly,
Salmo gairdneri grew faster at 0 and 8 °/00 water than at 20°/00
water (Jurss et al., 1986)
(6) In juvenile Oncorhynchus gorbuscha, increased time period of
seawater exposure resulted in lowered growth and survival rates
(Beacham and Murray, 1987)
(7) In Salmo gairdneri adapted to 0°C, mortality was found in
seawater but not in freshwater (Finstad et al, 1988)
(8) In Mugil cephalus, when a constant ration was given, feed
conversion efficiency decreased with increasing salinity
(DeSilva and Perera, 1976)
(9) Reproduction and maintenance require the expenditure of
energy (Wootton, 1985). However, when channelling of energy is
involved, maintenance requirement has the first priority (Brett,
1979). Therefore, a low reproductive performance may indicate a
high energetic cost for maintenance. In Oreochromis spilurus, a
lower reproductive performance (as indicated by lower fecundity,
hatching rate and survival of fry) was found in 38-41°/00
seawater than in 3-4°/00 groundwater (Al-Ahmad et al., 1988).
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It is clear that salinity affects the protein and energy
requirements of euryhaline fish. Therefore, feeds used for
culturing the fish in freshwater would not be able to fulfill the
requirements in seawater. This resulted in generally lower
growth and survival rates, and poorer reproductive performance in
seawater.
In arid areas such as Saudi Arabia and Kuwait, the shortage
of natural supply of freshwater and the demand for fish
production have prompted the development of seawater fish culture
(Al-Amoudi, 1987 Al-Ahmad et al., 1988). Similarly, seawater
fish culture is also needed in densely populated countries where
there is an inadequate supply of land for fish ponds. Fast
growing euryhaline fish are potential candidates for seawater
culture. However, the nutrient requirements of the fish in
seawater should be identified before any cost efficient seawater
culture can be undertaken. Unfortunately, there is a little
information about this aspects (Zeitoun, 1973 Pandian and
Vivekanandan, 1985). So more studies on this area needs to be
conducted.
2.1.9 The outlook of fish nutritional studies
Since protein is indispensable for fish growth and is the
most expensive item among various feed components, determinations
of the optimal protein level and the optimal proportion of
protein and non-protein energy in feed are crucial for any cost
efficient fish culture. Additionally, more attention has to be
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paid on determination of the optimal feed ration for
maximization of feed utilization. Furthermore, in view of the
high cost and frequent unavailability of fish meal, more sources
of protein (e.g. Spirulina algae) should be explored to
substitute fish meal in diets. Finally, the nutrient
requirements of fish under different culture conditions (e.g. at
different salinities) should also be worked out in order to
devise an optimal feed for maximal production.
27
2.2 BIOENERGETIC ASPECTS OF FISH GROWTH
2.2.1 Animal bioenergetics
Animal bioenergetics concerns the rates of energy
expenditure, the losses and gains, and the efficiencies'of energy
transformation, as functional relations of the whole organism
(Brett and Groves, 1979). It is commonly presented with a
balanced energy equation which indicates the main steps that food
energy follows through the organism (e.g. in Fischer, 1979
Calow, 1985 Pedersen, 1987). Since all biological systems obey
the laws of thermodynamics (Brett and Groves, 1979 Calow 1985),
the fate of ingested food can be summarized by the following
equations:
Energy intake= Energy loss+ Energy expenditure+ Energy gain
or I= E + M + G
where I is food intake, E is excretion (including faecal and non
and active metabolism), and G is growth (including somatic and
reproductive growth).
2.2.2 Importance of bioenergetic studies
Various bioenergetic parameters (i.e. food intake,
excretion, metabolism and growth) are subject to quantitative
changes which depend on the quantity and quality of food,
faecal excretion), M is metabolism (including standard, feeding
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physiological peculiarities of the fish, and the environmental
conditions (Brett and Groves, 1979 Fischer, 1979). In other
words, measuring various bioenergetic parameters will provide
information about the nutritive values of food used for fish
culture, and about the nutrient requirements of fish under
various environmental conditions. This information is essential
for devising the optimal feeding regime for maximal fish
production. Therefore, bioenergetic studies are of fundamental
importance to the advance of aquaculture (Brett and Groves,
1979).
2.2.3 Bioenergetics and fish growth
Bioenergetics and growth are inseparable (Brett, 1979).
Indeed, growth (i.e. energy gain in body) is a part of the
bioenergetics of the organism. Positive growth occurs only when
the amount of food energy intake (I) is larger than the sum of
the amount of energy needed for maintenance (M) and the amount of
energy lost at excretion (E) (i.e. I M+ E). In order to
increase the production of aquaculture, an optimal feeding
regime (I) at particular culture conditions needs to be
identified to reduce energy losses at maintenance (M) and
excretion (E), and thus to increase fish growth (G).
2.2.4 Parameters of fish bioenergetics
2.2.4.1 Food intake/Energy intake (I)
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Appetite is the voluntary food intake. Many fish species
eat to meet their energy requirements (Cowey and Sargent, 1979
Fletcher, 1984 Cho et al., 1985). When a low energy density
diet is provided, fish are able to compensate for a low food
energy intake by eating more of the diet (Jobling, 1983 Cho et
al., 1985). Indeed, food consumption varied inversely with
dietary energy content in Ictalurus punctatus (Page and Andrews,
1973), Sparus aurata (Marais and Kissil, 1979), Scophthalmus
maximus (Grove et al., 1985) and Salmo gairdneri (Beamish and
Medland, 1986). Tropical fish which have higher energy
requirements than temperate fish have higher feeding rates than
temperate fish (Pandian and Vivekanandan, 1985). Additionally,
the feed quality and quantity, digestive efficiency of fish and
environmental factors have been suggested to influence fish
appetite (Fischer, 1979 Fletcher, 1984 Pandian and
Vivekanandan, 1985). Therefore, fish appetite, to a certain
extent, reflects the feed palatability, the nutritive values of
feed and the feed/energy/nutrient requirements of fish.
In nutritional studies, an ad libitum feeding or a
restricted feeding is commonly adopted. The latter strategy is
certainly more essential for well-controlled, scientific
research. It is because variability in food consumption among
the experimental animals is almost eliminated.
2.2.4.2 Excretion/Energy losses (E)
Excretion includes faecal and non-faecal losses of energy.
Faecal losses indicate the feed utilizing efficiency (Fischer,
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1979) at digestion level. A poor digestion results in increased
faecal losses. On the other hand, non-faecal losses show the
feed utilizing efficiency at the level of assimilation. Low
assimilability of feed results in increased non-faecal losses of
energy.
Faecal losses can be determined by measuring the
digestibilities of various nutrients in feed directly. Nutrient
digestibility can be calculated according to the following
formula:
Nutrient digestibility




A high nutrient digestibility indicates a high feed
utilizing efficiency at the level of digestion. Different
digestibilities for various proteins have been found to be
different, for example, in Salmo gairdneri (Cho and Slinger,
1979), Anguilla anguilla (Schmitz et al., 1984), Oreochromis
niloticus (Hanley, 1987). However, it is very difficult and
labourious to measure the amount of food intake accurately, and
collect faeces completely. Therefore, most nutritionists usually
employ a more convenient, but indirect method which avoids
accurate determination of feed intake and complete collection of
faeces. In this indirect method, an inert and indigestible
substance (usually called indicator) is added into feed in a
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suitable amount. The indicator is used to indicate the relative
concentration of nutrient in the feed and faeces which in turn is
used for the calculation of nutrient digestibility. according to
the following equation:
Nutrient digestibility
nutrient in faeces X% indicator in feed
X 100%
% nutrient in feed X% indicator in faeces
(Utne, 1979)
In faecal samples, a high concentration of indicator and a low
concentration of nutrient reflect a high nutrient digestibility
(i.e. a high feed utilizing efficiency at digestion level).
Ideally, indicators (1) should be totally indigestible, (2)
should be evacuated at the same rate as the other gut contents,
(3) should be readily determined chemically and (4) should not
alter the palatability of the feed (Talbot, 1985). Various
indicators such as chromic oxide (Cr2O3) (Czarnocki et al., 1961
Austreng, 1978), hydrolysis-resistant organic matters
(Buddington, 1980), titamium (IV) oxide (Julshamn and Braekkan,
1982) and acid-insoluble ash (Atkinson et al., 1984) have been
used for determinations of nutrient digestibilities. Chromic
oxide is the most commonly used indicator (Utne, 1979 Jobling,
1983 Pandian and Vivekanandan, 1985). It is incorporated into
diets at a concentration of less than 2% and is usually
determined colorimetrically following acid digestion (Furukawa
and Tsukahara, 1966). Bowen (1978) suggested that Sarotherodon
mossambicus selectively rejects chromic oxide from a diet of
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periphytic detrital aggregate to the posterior part of the gut
(i.e. chromic oxide is not evacuated with other gut contents at
similar rates). However, the basis of this rejection is not
clear. In Bowen's experiment, chromic oxide was used at a high
concentration of 6% dry weight of the diet. Whether a lower
amount of chromic oxide (e.g. 2% in the diet) still lead to the
same result has not been determined.
For digestibility determinations, faeces can be collected by
fine dip net, siphoning, filtration column, settling column,
mechanically rotating filter screen, anal suction, manual
stripping and dissection (Smith, 1979 Pandian and Vivekanandan,
1985). Among these methods, dissection method is most accurate
in collecting intact faecal samples. It avoids leaching of
faecal material to surrounding water and collection of
incompletely digested food. However, fish need to be killed in
the dissection method.
In digestibility studies, the procedure needed may be too
complicated, which may cause serious error. It seems that other
appropriate measurement need to be conducted to confirm the
results of digestibility measurements. Takii et al. (1985)
suggested that in Anguilla•japonica, the activities of digestive
enzymes depend on the feed quality and quantity. Similar
observation was also found in Atlantic salmon (Holm and
Torrissen, 1987). In Cyprinus carpio, gut protease activity
increased with increases in dietary protein content (Kawai and
Ikeda, 1972). It is clear that determinations of concentrations
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of different digestive enzymes may indirectly provide information
about feed digestion efficiency. Besides, the digestive ability
of fish can also be known. Knowledge of digestive ability of
fish would be applied in practical feed formulation studies (Uys
and Hecht, 1987).
At the level of assimilation, certain amounts of energy and
nitrogen resources will be lost. These losses are termed non-
faecal losses (Brett and Groves, 1979 Calow, 1985). The
magnitude of non-faecal losses varies positively with the rate of
catabolism for food assimilation. Usually, rates of excretion of
the end products of catabolism (i.e. ammonia and carbon dioxide)
are measured in order to determine the energy requirement for
food assimilation and indicate the feed utilizing efficiency at
the level of assimilation.
Ammonia is the principal nitrogeneous waste of protein
degradation in teleosts (Pandian 1976, in Porter et al., 1987).
Measurement of ammonia excretion is an important indicator of the
effects of various environmental and nutritional factors on
protein metabolism, and give insight into the nitrogen balance of
fish (Jobling, 1981 in Porter et al., 1987). Post-prandial
increase in ammonia excretion is the resultant energy loss
associated with the assimilation and deamination of protein
following feeding (Jobling, 1981 in Ramnarine et al., 1987
Gallagher and Matthews, 1987). A high rate of ammonia excretion
indicates a high rate of protein degradation and a low feed
utilizing efficiency at assimilation level. Indeed, ammonia
excretion varied according to different dietary compositions in
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Salmo gairdneri (Beamish and Thomas, 1984) and Anguilla rostrata
(Gallagher and Matthews, 1987), and according to the quality of
dietary protein in Acipenser baeri larvae (Dabrowski et al.,
1987).
Carbon dioxide is an end-product of energy catabolism.
Post-prandial increase in excretion of carbon dioxide indicates
the amount of energy catabolized for food assimilation. However,
in aquatic environment, measurement of carbon dioxide excretion
is difficult and inconvenient (Brafield, 1985). In order to
indicate energy requirements of fish, oxygen (a reactant involved
in catabolism) consumption is commonly followed. Post-prandial
increase in oxygen consumption is termed specific dynamic
action/apparent heat increment (LeGrow and Beamish, 1986
Brafield, 1985). The magnitude of specific dynamic action is
dependent on the fate of food consumed which in turn depends on
the quantity, quality and balance of dietary nutrients along with
other environmental factors (LeGrow and Beamish, 1986). Usually,
specific dynamic action is considered as a part of metabolism of
fish. Therefore, non-faecal losses concerns mainly excretion of
nitrogeneous wastes (Brett and Groves, 1979 Calow 1985).
2.2.4.3 Metabolism/Energy'expenditure (M)
The prime demand for energy, before any energy storage or
somatic growth can be achieved, is to meet the requirements for
maintenance (Brett and Groves, 1979), the requirements for
locomotion and the requirements for feeding and post-prandial
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food processing. Four levels of metabolism in fish have been
suggested. They are:
(1) Standard metabolism (Fischer, 1979 Brett and Groves, 1979
Calow, 1985): the minimum rate of metabolism of fish at rest, in
the post-absorptive state and thermally acclimated (Brett and
Groves, 1979)
(2) Routine metabolism (Fischer, 1979 Brett and Groves, 1979
Calow, 1985): the metabolic rate during normal, spontaneous
activity (Brett and Groves, 1979)
(3) Active metabolism (Fischer, 1979 Brett and Groves, 1979
Calow, 1985): the metabolic rate during maximum sustained
activity (Brett and Groves, 1979)
(4) Feeding metabolism/Specific dynamic action (Brett and
Groves, 1979 LeGrow and Beamish, 1984 Calow, 1985): the
metabolic rate during feeding, digestion, absorption and
assimilation (Brett and Groves, 1979).
These four types of metabolism certainly provide different
information about the energy expenditure for different activities
of fish. So, in metabolic studies, one should necessarily be
aware of which type of metabolism should be measured for the
specific purpose of the investigation.
Energy formation can be summarized by the following equation
[Protein + Lipid + Carbohydrate} + Oxygen ---------- Water+
Carbon dioxide+ Ammonia+ Heat energy+ Biological energy
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The energy expenditure/metabolism is usually determined by
measuring the rates of consumption of the reactants (e.g. oxygen)
and/or the rates of formation of the products (e.g. carbon
dioxide, ammonia and heat energy). Three methods are commonly
used for determinations of metabolic requirements. They are:
(1) direct calorimetry, (2) indirect calorimetry from oxygen
consumption and (3) indirect calorimetry from oxygen, carbon
dioxide and ammonia measurements (Brafield, 1985).
Direct calorimetry measures the heat produced by an animal
by monitoring the rise in temperature of its surrounding
(Brafield, 1985). However, in aquatic environment, the
application of this method has been considered unsatisfactory
because of the low heat production by fish and the high heat
capacity of water (Brett and Groves, 1979). In the two indirect
methods, the rate of oxygen consumption and/or rate of carbon
dioxide production and/or rate of ammonia production are
measured. The total amounts of these substances
consumed/produced over the time period under consideration are
multiplied by corresponding energy equivalents to produce an
estimate of the energy lost as heat (Brafield, 1985). However,
the composition of the respiratory substrates has to be
identified before a corresponding energy equivalent is calculated
out. Such an identification would be difficult to achieve since
respiratory substrates are diverse in biological systems. In
addition, it is generally assumed that anaerobic processes do
not play an important role (Fischer, 1979). This assumption is
not always in conformity with the actual state, but it is
37
necessary for methodical reason (Fischer, 1979).
In both the direct and indirect metabolism determinations,
an overall metabolism (i.e. including anabolism and catabolism
and including protein, lipid and carbohydrate metabolisms) is
measured. This will probably limit the application of metabolic
measurements. Fortunately, the changes in enzyme activities of
body tissues appear to reflect an altered balance in metabolic
pathways as the animal adapts to a changed regime (Cowey et al.,
1981). Determinations of activities of various key-enzymes in
different metabolic pathways will give information about the
contribution of various metabolic pathways to the overall
metabolism. For example, a high hexokinase activity indicate a
high rate of carbohydrate catabolism and a good carbohydrate
utilizing efficiency (Nagayama et al., 1972 and Newsholme and
Start, 1973 in Cowey and Sargent, 1979). Additionally, fructose
diphosphatase activity is positively correlated to the rate of
gluconeogenesis/protein catabolism (Shimeno et al., 1979 Cowey
et al., 1981). Therefore, before making any conclusion, one has
to interpret the information provided from metabolism
determinations together with the information provided from enzyme
and growth determinations.
2.2.4.4 Production/Growth/Energy gain (G)
Among various bioenergetic parameters, growth is the most
intensively studied item. Growth is usually estimated on the
basis of daily increase in body weight (Fischer, 1979). For
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growth determination, specific growth rate is usually measured.
final weight- initial weight
Specific growth rate = X 100%
initial weight X no. of days
(Bromley and Smart, 1981)
Various abiotic factors (e.g. temperature, salinity, and
oxygen availability etc.) and biotic factors (e.g. age, sex, and
food abundance and composition etc.) have been shown to affect
fish growth (Weatherley, 1976 Brett, 1979).
In aquaculture, most attention is paid on the highest
production at the least cost. Therefore, feed conversion
efficiency has been given special attention (Utne, 1979).
weight gain
Feed conversion efficiency =
feed intake
(Utne, 1979)
Additionally, growth measurement can be connected with the
nutritional evaluation of dietary protein. The most commonly
used term is protein efficiency ratio.
weight gain
Protein efficiency ratio =
protein intake
(Utne, 1979)
When compared to protein digestibility, protein efficiency ratio
is a simpler item to indicate protein utilizing efficiency. It
is because it avoids the labourious effort needed for collection
of faeces.
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Due to its simplicity, growth measurement is commonly used
to evaluate the nutritive values of feed used for fish culture,
and to reflect the nutritional requirements of the cultured
species. Therefore, measurements of other bioenergetic
parameters are usually neglected. However, it is important to
point out that important information about feed utilizing
efficiency and feed requirement at levels of digestion,
assimilation and metabolism will be missed if growth is the
unique bioenergetic parameter to be measured. It is because
growth represents only the final outcome of a series of
behavioural and physiological processes (Brett, 1979).
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CHAPTER 3
EFFECTS OF DIETARY INPUT ON THE BIOENERGETICS OF OREOCHROMIS
MOSSAMBICUS IN FRESHWATER AND SEAWATER
3.1 INTRODUCTION
In recent years, as a result of overfishing, aquaculture has
become increasingly important for fish production in the world
(Chung, 1987). A high rate of fish growth is indispensable for
a high production of fish culture. Among various abiotic and
biotic growth limiting factors suggested by Brett (1979),
metabolic input (i.e. food intake) is considered as the ultimate
drive of fish growth. It is because all behavioural and
physiological processes are necessarily supported by metabolic
activities which in turn are ultimately sustained by food intake.
Therefore, determination of the optimal feed for the cultured
fish is a key step for successful fish culture. In order to
formulate suitable fish feeds, details of the nutrient
requirements of the cultured species must be known.
Tilapias (Oreochromis spp.) constitute a major group of
species that are cultured in the tropics (Bardach et al., 1972
De Silva and Perera, 1984 Manzano, 1988). Fast growing and
euryhaline tilapias are potential candidates for both freshwater
pond culture and mari-culture (De Silva and Perera, 1984 Al-
Amoudi, 1987-McGrachin et al., 1987 Al-Ahmad et al., 1988).
Unfortunately, very little is known about the nutrient
requirements of tilapias in freshwater and seawater, about the
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growth response of them to artificial formulated feeds and about
their growth response in'seawater. In order to improve the cost
efficiency of freshwater culture of tilapias and develop seawater
tilapia culture, the nutrient requirements of tilapias in
freshwater and seawater needs to be clarified.
Bioenergetic studies are of fundamental importance to the
advance of fish culture (Brett and Groves, 1979) Various
bioenergetic parameters such as appetite, digestion, excretion,
metabolism and growth are subject to quantitative changes which
depend on the quality and quantity of food, physiological
peculiarities of fish, and environmental conditions (Brett and
Groves, 1979 Fischer, 1979). In other words, measuring these
bioenergetic parameters will provide information about the
nutritional requirements of fish under various environmental
conditions and about the nutritive values of feeds. In the
present experiment, the bioenergetics of a fast growing
euryhaline tilapia, Oreochromis mossambicus was investigated in
relation to salinity (salinity variables: freshwater and
seawater) and dietary input (diet variables: mineral, vitamin
energy and protein contents). The specific objectives were (1)
to investigate the effects of mineral, vitamin, energy and
protein contents in artificial diets on the growth of 0.
mossambicus, (2) to clarify the nutrient requirements of 0.
mossambicus in freshwater and seawater and (3) to evaluate the
possibility of-culturing 0. mossambicus in seawater.
In fish culture, trash fish muscle is a popular feed of
animal origin (F.A.O., 1983). Since fish muscle contains about
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75% water and only 20% protein, it may not be an optimal feed for
fish because of its low protein, energy, mineral and vitamin
contents. Additionally, using trash fish muscle as feed will
cause rapid deterioration of water quality and cause the fish to
be highly susceptible to diseases (F.A.0., 1983) especially in an
enclosed high-density culture system. Furthermore, problems of
storage and quality control are also present (F.A.O., 1983). It
seems that from the nutritional and environmental points of
views, (1) trash fish muscle should not be a suitable feed used
in fish culture and (2) formulated feeds with higher protein,
energy, mineral and vitamin contents than trash fish muscle
should be used for improving fish production. However, this
notion needs to be clarified and confirmed. In the present
experiment, the growth promoting efficiency of the feed which was
formulated to simulate trash fish muscle was compared with the
efficiencies of feeds with higher protein, energy, mineral and
vitamin contents than trash fish muscle.
3.2 MATERIALS AND METHODS
3.2.1 The experimental diets
Six formulated feeds were used in the present experiment.
They were: (1) a low energy diet with 20% protein M20), (2) a
low energy diet with 20% protein plus mineral and vitamin
premixes (+L20), (3) a high energy diet with 20% protein (H20),
(4) a high energy diet with 30% protein (1130), (5) a high energy
diet with 40% protein (H40) and (6) a high energy diet with 50%
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protein (H50). Mineral and vitamin premixes were incorporated
into all. the high energy diets. The experimental diets were made
by thorough mixing of appropriate amounts of fish meal (TABLE
3.1), starch, vegetable oil, vitamin and mineral premixes,
chromic oxide, carboxymethyl cellulose and water.
L20, the basal diet used for formulating the other diets,
was made to simulate trash fish muscle (TABLE 3.2) except that
the water content in fish muscle was substituted with
carboxymethyl cellulose. +L20 was made to contain the same
ingredients of L20 except that a part of carboxymethyl cellulose
was replaced by mineral and vitamin premixes.
H2O was made to have a higher energy content than +L20 by
replacing a part of carboxymethyl cellulose in +L20 with starch
and vegetable oil. H20, 1130, H40 and 1150 were formulated to be
isocalorific and contain 20, 30, 40 and 50% protein respectively.
The compositions of the experimental diets are shown in
TABLE 3.3. The six diets were made into small cylindrical
pellets (length: 5mm, diameter: 3mm) and completely dried in an
oven at 40°C before given to the fish at a daily ration of 1%
initial body weight of fish. However, an additional group of
fish, namely R40, was given the H40 diet at a daily ration of
0.5% initial body weight of fish.
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3.2.2 The experimental design
The experiment consisted of 14 groups: 7 freshwater (F.W.)
groups (each fed one of the 7 experimental diets) and 7 seawater
(S.W.) groups (each fed one of the 7 experimental diets).
After a 7 day acclimation period in freshwater or '30°/00
seawater, 7 individuals weighing between 10-14g, were grouped
and assigned to one of the 14 experimental tanks (each containing
20 litres of water) at the beginning of the experiment (Day 1).
The initial weight of each group was recorded. Then the fish
were fed with the assigned experimental diets for 50 days.
On Day 28, 30 and 32, appetite tests which measured the
amounts of a commercial floating feed (Star Green Mini, Yeaster
Co., Japan.) consumed by each group in a 5 minute interval were
conducted (i.e. triplicate values were obtained from each fish
group).
From Day 37 to Day 44, basal rates of metabolism and
ammonia excretion, specific dynamic action and rate of ammonia
excretion after feeding in each of the experimental groups were
measured in a 20 litre sealed water-tank. Each of the above
measurements was repeated 4 times in each experimental group.
At the end of the experiment (Day 51), the final weight of
each group was recorded to calculate the specific growth rate,
feed conversion efficiency and protein efficiency ratio for the
group. Since group data were determined in these measurements
(specific growth rate, feed conversion efficiency, protein
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efficiency ratio), these parts of measurements were repeated two
times to obtain duplicate values. Serum, intestine, liver,
muscle and faeces in the posterior part of intestine were also
sampled from individual fish in each experimental group. The
samples were kept frozen at -20°C until analyzed for amounts of
biochemicals and enzyme activities.
3.2.3 The experimental conditions
Each group of 7 fish was placed in a tank containing 20
litres of water with constant aeration at 28°C. The fish were
fed the assigned diets for 50 days at a ration of 1% initial body
weight per day. The fish in R40 group were fed with the H40 diet
at a daily ration of 0.5% initial body weight. The water in the
tank was changed on alternate days.
3.2.4 Analytical methods
(1) Specific growth rate(% increase in body weight/day)
final weight- initial weiqht
X 100%specific growth rate =
initial weight X 50 days
(Bromley and Smart, 1981)
(2) Feed conversion efficiency
daily weight gain




(3) Protein efficiency ratio




(4) Appetite(% body weight)
A commercial, floating feed (Star Green Mini, Yeaster Co.
Japan) was used to determine fish appetite, and




(5) Water content in muscle(%)
Water content in muscle was measured by the difference in
weight of muscle before and after complete drying at 105°C.
(6) Lipid content in muscle(%)
Lipid content in muscle was measured by the difference in
weight of water-free muscle before and after complete extraction
of lipid with petroleum ether.
(7) Protein content in muscle and faeces(%)
Total nitrogen content in water-free muscle and faeces were
measured with an ammonia electrode (Model 9512, Orion Research
Incorporated.) after digestion according to the micro-Kjeldahl
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method (Fels and Veatch, 1959). The protein content in the
samples were calculated with the following equation:
total protein content= total nitrogen content X 6.25
(8) Chromic oxide in faeces(%)
Chromic oxide in faeces was measured by spectrophotometry at
350 nm after digestion in a mixture of nitric acid and perchloric
acid (Furukawa and Tsukahara, 1966).
(9) Protein digestibility(%)
protein digestibility
% protein in faeces X% chromic oxide in feed
= 100%- (100% X
% protein in feed X% chromic oxide in faeces
(Utne, 1979)
(10) Preparation of intestinal and hepatic enzyme solutions
Whole intestine or liver was homogenized with appropriate
volume of 0.8% sodium chloride solution using an Ultra-Turrax
homogenizer (Type TP18/10). The homogenate was centrifuged, and
the supernatant was used for subsequent enzyme assays and
biochemical determinations at 28°C.
(11) Chymotrypsin activity in intestine (U/g tissue)
Intestinal chymotrypsin activity was determined by measuring
the N-benzoyl-L-tyrosine released from N-benzoyl-L-tyrosine ethyl
ester solution by O.lml enzyme supernatant (lw:9v dilution)
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(Rick, 1974a). U is umole of product released per minute.
(12) Trypsin activity in intestine (U/g tissue)
Intestinal trypsin activity was determined by measuring the
release of toluensulfonyl-L-arginine from N-p-toluensulfonyl-L-
arginine methyl ester by O.lml enzyme supernatant (lw:9v
dilution) (Rick, 1974b). U is umole of product released per
minute.
(13) Glutamate-oxaloacetate transaminase and glutamate-pyruvate
transaminase activities in liver (U/g tissue)
Activities of the two enzymes were determined according to
Sigma procedure 505. U is 4.82 X 10-4 uM of glutamate released
per minute. 0.04m1 enzyme supernatant (1w:99v dilution) was used
for assay.
(14) Glutamate dehydrogenase activity in liver (U/g tissue)
Glutamate dehydrogenase activity was determined by
measuring of the 2-oxoglutarate concentration before and after
the following reaction made by O.lml enzyme supernatant (1w,-49v
dilution) (King, 1974). U is the loss of nmole of 2-oxoglutarate
per minute.
2-oxoglutarate + NADH+ NH4 + ---- glutamate+ NAD ++ H2O
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(15) Glucose-6-phosphatase activity in liver ()imole phosphate
released/h/g tissue)
The activity of the enzyme was determined by measuring the
phosphate released from glucose-6-phosphate solution by 0.05ml
enzyme supernatant (lw:9v dilution) (Baginski et al.,1974).
(16) Fructose-1,6-diphosphatase activity in liver (pmole
phosphate released/h/g tissue)
The enzyme activity was determined by measuring the
phosphate released from fructose-1,6-diphosphate solution by
0.05ml enzyme supernatant (lw:9v dilution) (Latzko and Gibbs,
1974).
(17) Ammonia content in liver (pg NH3-N/g tissue)
Ammonia content in 0.2m1 liver supernatant (1w-.49v dilution)
was determined by the phenolhypochlorite method as described by
Solorzano (1969).
(18) Basal metabolism (ml oxygen consumed/h/g fish)
Twenty four hours after the last feeding, basal metabolism
was determined by following the decline in oxygen partial
pressure of the water in a 8.5 litre sealed tank. Oxygen partial
pressure in water was monitored with an oxygen electrode
(Radiometer Copenhagen E5046/0) coupled to an Acid-Base Analyzer
(Radiometer Copenhagen PHM71 MK2).
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(19) Specific dynamic action (ml oxygen consumed/h/g fish)
One hour after the last feeding, specific dynamic action was
determined according to the same procedure for determination of
basal metabolism.
(20) Basal ammonia excretion (}pg NH3-N/h/g fish)
Twenty four hours after the last feeding, the rate of basal
ammonia excretion was determined by following the rate of
increase of ammonia content in water. Ammonia content in water
was measured with the phenolhypochlorite method (Solorzano,1969).
(21) Rate of ammonia excretion after feeding (jig NH3-N/h/g fish)
One hour after the last feeding, the rate of ammonia
excretion was determined according to the same procedure for
determination of basal rate of ammonia excretion.
(22) Serum proteins (mg/ml serum)
Serum proteins was measured according to the modified Lowry
method (Hartree, 1972). Bovine serum albumin was used as the
standard.
(23) Serum amino acids (mg/100 ml serum)
Amino acid content in deproteinized serum was determined










viscerosomatic index= X 100%
weight of body
(Chung, 1987)
(26) Numbers of samples
a) In each experimental group, measurements of specific growth
rate, feed conversion efficiency and protein efficiency ratio
were run in duplicate (i.e. N= 2 groups of 7 individuals).
b) In each experimental group, three pooled samples of faeces
(each from 2-3 individuals) were used for determination of
protein digestibility (i.e. N= 3 groups of 2/3 individuals).
c) For appetite measurement, three replications were run in
each group (i.e. N= 3 groups of 7 individuals).
d) In each group, measurements of basal metabolism, specific
dynamic action, basal rate of ammonia excretion and rate of
ammonia excretion after feeding were repeated four times (i.e. N
= 4 groups of 7 individuals).
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e) For the measurements of intestinal chymotrypsin and trypsin
activities, serum amino acid and protein contents, hepatosomatic
and viscerosomatic indices, muscle composition, and glutamate-
oxaloacetate transaminase, glutamate-pyruvate transaminase,
glutamate dehydrogenase, glucose-6-phosphatase and fructose-1,6-
diphosphatase activities as well as ammonia content in liver,
data were obtained from separate individuals (n=7) and not
obtained from group data.
3.2.5 Statistical analyses
The NWA STATPAK, Version 2.1 (Northwest Analytical, Inc.,
Portland, OR, 1982) was used for statistical analyses of data.
(1) Significant treatment effects of dietary input and salinity
on the bioenergetic parameters measured were tested with two-way
analysis of variance tests.
(2) At each salinity (i.e. freshwater or seawater), significant
differences among fishes fed different diets were accessed with
one-way analysis of variance tests and then by Duncan's multiple
range tests.
(3) Significant treatment effects were evaluated at P=0.05.
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3.3 RESULTS AND DISCUSSIONS
3.3.1 Effects of dietary input and salinity on various
bioenergetic parameters in Oreochromis mossambicus: the
results of two-way analysis of variance tests
The original data used for two-way analysis of variance
tests can be found in TABLE 3.5-3.15. For clarity, a summary of
the results (showing F-values from two-way analysis of variance
tests) is presented in TABLE 3.4. Both diet and salinity
treatments significantly affected various bioenergetic
parameters. Two-way analysis of variance tests also revealed
that there were interactions between diet and salinity on some of
the parameters measured.
3.3.2 Effects of dietary (1) mineral and vitamin premixes, (2)
energy density, (3) energy supply and (4) protein to
energy ratio on various bioenergetic parameters measured
(especially the growth rate) in 0. mossambicus
Since the results of.two-way analysis of variance tests have
shown significant effects of dietary input on various
bioenergetic parameters, one-way analysis of variance and
Duncan's multiple range tests were employed to further analyze
the effects of various diets on individual parameters in
freshwater and seawater.
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3.3.2.1 Effects of dietary mineral and vitamin premixes
Comparison 1: FW + L20 vs. FW L20
Comparison 2: SW + L20 vs. SW L20
The effects of dietary mineral and vitamin premixes could be
investigated by comparing the L20 group (no premixes were
incorporated into the diet) and the +L20 group (with
incorporation of mineral and vitamin premixes in diet). The
results are summarized in TABLE 3.5 and 3.6.
Generally, dietary mineral and vitamin premixes only
affected a few of the bioenergetic parameters in freshwater and
seawater 0. mossambicus. Negative growth was found in all four
fish groups. This showed that the fishes were under an energy
demanding state by which the effects of dietary mineral and
vitamin premixes might have been masked. In fact, Butthep et al.
(1985) have suggested that the food supply may mask the effect of
dietary vitamins. In addition, since minerals and vitamins were
required only in trace amounts, the present experiment which
lasted only 50 days might not be long enough for any significant
effects to be observed. Actually, significant improvement in
growth rate of Cyprinus car io upon the addition of dietary
vitamin premix was observed after 56 days of feeding (Suhenda and
Djajadiredja, 1985). At the same time, Suhenda and Djajadiredja
(1985) found that dietary vitamin premix did not affect the
survival rate, feed conversion and protein utilization in C.
ca rpio.
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In freshwater 0. mossambicus, significantly higher muscle
lipid and serum protein contents were found in the +L20 group
than the L20 group. This indicated a higher energy conservation
efficiency in freshwater fish fed the diet with the mineral and
vitamin premixes. However, this fact was not observed in
seawater. A possible explanation is that euryhaline fish is more
energy demanding in seawater than in freshwater (Rao, 1968 in
Johnson and Katavic, 1986 Brett, 1979 Eddy and Bath, 1979),
which has inhibited energy conservation in seawater.
In conclusive words, dietary minerals and vitamins had no
effect on the growth of freshwater and seawater 0. mossambicus
(i.e. L20= +L20).
3.3.2.2 Effects of dietary energy density
Comparison 1: FW +L20 vs. FW R40
Comparison 2: SW +L20 vs. SW R40
When the same amount of energy was provided, the effects of
dietary energy density could be investigated by comparing the
fish fed a high energy density diet at a low ration and a low
energy density diet at a high ration. In the present study,
comparison was made between R40 and +L20 groups. The energy
density of R40 diet was double of that in +L20 diet. R40 and
+L20 diets were-given to the fish at daily ration of 0.59 and
1.0% initial body weight respectively. The results are shown in
TABLE 3.7 and 3.8.
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Dietary energy density only affected a few of the
bioenergetic parameters measured. All the four groups of fish
exhibited negative growth. The negative growth rates of the +L20
and R40 groups were not significantly different in freshwater
and seawater. A negative energy balance might have masked the
possible effects of dietary energy density.
In conclusion, dietary energy density did not affect fish
growth in freshwater and seawater. Since Section 3.3.2.1 of this
Chapter has shown that L20 = +L20 and the present section has
indicated that +L20 = R40 in terms of growth rate, we could
conclude that the growth rates of fish fed L20, +L20 and R40
diets were similar (i.e. L20 = +L20 = R40).
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3.3.2.3 Effects of daily energy supply
There are two strategies of increasing the energy supply to
fish. They are (1) increasing the energy content of a diet by
replacing the non-energy ingredients (e.g. carboxymethyl
cellulose in the present experiment) with non-protein energy-
forming substances such as starch and vegetable oil, and (2)
increasing the ration (i.e. increasing the amount of feed supply,
and so both protein and non-protein energy sources are supplied
in higher amounts). In the present experiment, the effects of
these two strategies on the growth of freshwater and seawater 0.
mossambicus were investigated.
The R40 and +L20 groups were provided similar amounts of
energy and protein each day, and their growth performances were
equal (Section 3.3.2.2 of this chapter). In this part, +L20
group was compared with the H2O group in order to investigate the
effects of increasing the dietary energy content, and R40 group
was compared with the H40 group to clarify the effects of
increasing feeding rate (ration).
3.3.2.3.1 Effects of dietary energy content
Comparison 1: FW +L20 vs. FW H2O
Comparison 2-: SW +L20 vs. SW H2O
The effects of dietary energy content could be investigated
by comparing fish fed a high energy density diet (H20) and a
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low energy density diet (+L20) H2O diet had the exact
composition as +L20 diet except that a part of non-energy
carboxymethyl cellulose was replaced with starch and vegetable
oil. The results of the comparisons are shown in TABLE 3.9 and
3.10.
In seawater, the high energy density diet (1120) resulted in
significantly higher growth rate, and better feed and protein
conversions when compared to the low energy density diet (+L20).
As euryhaline fish adapted to seawater had a high energy
requirement for maintenance (Rao, 1968 in Johnson and Katavic,
1986 Brett, 1979 Eddy and Bath, 1979), the high energy density
diet seemed to have partially relieved the burden of negative
energy balance in the seawater 0. mossambicus. This therefore
resulted in improved fish growth. However, growth improvement
was not observed in the freshwater 0. mossambicus, suggesting
that non-protein energy was not the factor limiting growth in
freshwater.
Fish eat to meet their energy requirements (Cowey and
Sargent, 1979 Cho et al., 1985). Indeed, appetite was found to
vary inversely with dietary digestible energy in Salmo gairdneri
(Beamish and Medland, 1986).. In the present experiment, a
significantly higher appetite was found in seawater 0.
mossambicus fed the low energy density diet (+L20). This
suggested that -(1) the energy requirement of the seawater fish
would not be fulfilled by a low energy density diet, and (2) a
high energy density diet was essential for culturing the species
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in seawater when feed was provided at a restricted ration of 1%
initial body weight per day.
In contrast to the previous fin ding which showed that
increasing the dietary energy content did not affect protein
digestibility in rainbow trout We la Higuera et a7., 1977
Beamish and Thomas, 1984), significantly lower protein
digestibility, and intestinal chymotrypsin and trypsin activities
were found in seawater 0. mossambicus fed the high energy diet
(H20). This indicated that a less amount of digested protein was
available for maintenance and growth when the high energy diet
was provided. Additionally, the H2O group had a higher rate of
gluconeogenesis (as evidence by higher hepatic glucose-6-
phosphatase and fructose-1,6-diphosphatase activities),
suggesting a higher energy requirement in the seawater fish fed
the high energy diet than that fed the low energy diet. However,
it was a surprise that in the fish fed the high energy diet,
significantly higher muscle and serum protein contents were
observed to accompany a faster growth. These results might be
explained by lowered rate of deamination and better protein
conservation in the fish fed the high energy diet. In addition,
fish fed the H2O diet had a higher muscle protein content, but
not muscle lipid content than. that fed the +L20 diet, suggesting
increased use of non-protein energy sources (e.g. lipid) for
maintenance and sparing of protein for growth in fish fed the
high energy diet. The present results were in agreement with the
observation that a reduction in dietary protein with a
concomitant increase in dietary lipid led to improvement in
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protein assimilation efficiency in Salmo gairdneri (LeGrow and
Beamish, 1986). Prominent protein sparing. effect resulted in
significant improvement of growth and feed utilization in
seawater 0. mossambicus fed the high energy density diet (1120).
Similar protein sparing effect has been demonstrated, for
example, in Salmo gairdneri (Beamish and Medland, 1986),
Chrysophrys major (Chung, 1987) and Anguilla anguilla (Degani
and Viola, 1987).
However, in the present experiment, employing protein
sparing effect for improving the growth of freshwater 0.
mossambicus seemed to be unfeasible. The most possible reason is
that the protein content in the H2O diet was too low (only 20%)
to meet the protein requirement of the freshwater fish. Indeed,
a feed with 40% protein has been found to be optimal for the
growth of freshwater Sarotherodon mossambicus weighing about 2g
(Jauncey, 1982). Additionally, a more efficient use of dietary
protein could be achieved in Salmo gairdneri by increasing the
dietary lipid content only when the protein intake was higher
than a critical threshold (Beamish and Medland, 1986).
Similarly, in Ictalurus punctatus, increasing the dietary lipid
content resulted in increased weight gains with diets containing
35% but not 25% protein (Morgan et al., 1977). The present
results suggested that feeds such as trash fish muscle which had
a low protein content of 20% should not be enough to meet the
high protein requirements of fish (Cowey and Sargent, 1979
Watanabe et al., 1983 Love, 1980) when the feeding rate was only
1% body weight per day.
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3.3.2.3.2 Effects of increasing feeding rate (i.e. ration)
Comparison 1: FW R40 vs. FW H40
Comparison 2: SW R40 vs. SW H40
The effects of increasing daily energy supply to fish by
elevating the ration could be investigated by comparing the fish
fed the H40 diet at daily rations of 0.5% (i.e. the R40 group)
and 1.0% (i.e. the H40 group) body weight. The results of
increasing ration are shown in TABLE 3.11 and 3.12.
Higher specific growth rate and feed conversion efficiency
were found in H40 group than in R40 group, indicating improvement
in growth and feed utilization when the ration was increased from
0.5 to 1.0% initial body weight per day.
In freshwater and seawater, both R40 and H40 groups had
similar intestinal chymotrypsin and trypsin activities. In
addition, protein digestibility in both groups were similar.
These results were in agreement with that observed by Cho et al.
(1976) on the protein digestibility in Salmo gairdneri. Since
increasing ration did not influence protein digestion efficiency
in 0. mossambicus, the absolute amount of digested protein was
larger in fish fed at high ration even though higher amounts of
faecal energy and protein were lost when ration was elevated
(Ilogendoorn, 1983). A higher amount of protein from a large
ration therefore resulted in enhanced growth in freshwater and
seawater (i.e. R40 H40). In addition, better feed and protein
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conversions, as well as increased deposition of muscle protein
and lipid were also observed in the freshwater 0. mossambicus fed
at high ration (H40). Similarly, in Phoxinus phoxinus, carcass
lipid and energy contents increased with increased ration (Cui
and Wootton, 1988).
At each salinity, a similar rate of basal metabolism and
gluconeogenesis (as evidenced by similar hepatic glucose-6-
phosphatase and fructose-1,6-diphosphatase activities) were found
in 0. mossambicus regardless of ration size. These indicated
that the fish in the R40 and H40 groups had similar energy
requirements. Ammonia is the principal nitrogenous waste of
protein degradation in teleosts (De Vooys, 1969 Pandian, 1976 in
Sayer and Davenport, 1987). A similar rate of ammonia excretion
and hepatic ammonia content were observed in fish fed the R40 and
H40 diets, suggesting that the protein requirements of the fish
were equal. Similar values of oxygen consumption and ammonia
excretion suggested that a large amount of nutrient provided from
a high ration did not cost extra energy for nutrient assimilation
and not decrease the feed utilization efficiency, and therefore
resulting in significant growth improvement in freshwater and
seawater 0. mossambicus. However, the present results were in
contrast to the previous findings which showed that high ration
resulted in increased oxygen consumption and ammonia excretion in
rainbow trout .(Kaushik and Gomes, 1988) and elevated ammonia
excretion in Atlantic cod (Ramnarine et al., 1987).
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3.3.2.3.3 Summary of 3.3.2.3
The effects of increasing the daily energy supply on the
growth of 0. mossambicus could be summarized by the following
inequalities:
In freshwater,
L20= +L20= R40= H2O H40
In seawater,
L20= +L20= R40 H2O= H40
Either increasing the energy content of a diet with non-
protein energy sources or increasing ration (i.e. both non-
protein and protein energy sources were provided in higher
amounts) could elevate the daily energy supply to fish. Higher
energy supply resulted in significantly higher growth rate and
better feed utilization in seawater 0. mossambicus. This means
that non-protein and/or protein energy were capable of relieving
the negative energy balance of the seawater fish. From the
business point of view, the first method is more profitable since
more of the most expensive ingredient (protein) can be saved.
On the other hand, improved growth rate of freshwater 0.
mossambicus was attained only by increasing the amount of dietary
protein energy (H40) but not non-protein energy (H20). Since H2O
and H40 diets are isocalorific, a diet with a protein content
larger than 20% should be used to enhance growth of freshwater
0. mossambicus. In another study on freshwater Sarotherodon
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mossambicus weighing about 1.7g, amino acids but not energy were
the growth limiting factor (Jackson and Capper, 1982).
3.3.2.4 Effects of dietary protein to energy ratio (P/E ratio)
Comparison 1: FW H20, FW H30, FW H40 and FW H50
Comparison 2: SW H20, SW H30, SW H40 and SW H50
The effects of dietary protein to energy ratio (P/E ratio)
could be investigated by comparing the fish groups fed various
isocalorific diets with different P/E ratios (i.e. H20, H30, H40
and H50). H20, H30, H40 and H50 diets were isocalorific, but
with a P/E ratio of 44, 66, 88 and 110 mg protein/Kcal
respectively. The results of the comparisons are shown in TABLE
3.13 and 3.14.
In agreement with other studies on Ctenopharyngodon idella
fry (Dabrowski, 1977), Anguilla anguilla (Bilio et al., 1979),
juvenile Sarotherodon mossambicus (Jauncey, 1982), Clarias
gariepinus (Machiels and Henken, 1985 Degani et al., 1989) and
Oreochromis niloticus (Dabrowski et al., 1989), high dietary P/E
ratios resulted in increased growth rates in freshwater 0.'
mossambicus. However, dietary P/E ratio did not affect growth
rate in seawater. The results were not surprising because
previous results (Section 3.3.2.3 of this Chapter) have shown
that (1) dietary protein energy was superior to dietary non-
protein energy in promoting growth of freshwater 0. mossambicus,
and (2) enhanced growth rate in energy demanding seawater fish
was attained by 'increasing dietary protein and/or non-protein
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energy supplies. Since prominent effects of dietary P/E ratio
were only found in freshwater and not in seawater, discussions
will concentrate on the freshwater fish rather than seawater fish
in the latter part of this chapter.
In freshwater, increases in dietary P/E ratio from 44
mg/Kcal (H20 group) to 66 and 88 mg/Kcal (i.e. in H30 and H40
groups) resulted in significantly higher protein digestibilities.
This was also evidenced by elevated intestinal chymotrypsin and
trypsin activities. Similar enhanced protein digestion
efficiency has been observed in Cyprinus carpio (Kawai and Ikeda,
1972) and in different families of rainbow trouts (Austreng and
Refstie, 1979 Beamish and Thomas, 1984). In case of providing
diets with high P/E ratios, increased protein digestion
efficiency would provide more digested protein for maintenance
and build up of body materials, thus eventually leading to a high
rate of growth.
Despite having the lowest amount of digested protein, the
fish fed the diet with the lowest P/E ratio (H20) did not show a
better protein conservation than the fish fed diets with high P/E
ratios (1130, 1140 and 1150) This was evidenced by similar values
of ammonia excretion rate and specific dynamic action in. the four
groups (H20, H30, H40 and H50). Ammonia excretion and specific
dynamic action are the resultant energy loss associated with the
assimilation and deamination of protein (Dabrowski et a1., 1987
Gallagher and Matthews, 1987) Similar values of ammonia
excretion rate and specific dynamic action suggested similar
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efficiencies of protein conservation in the four groups.
Confirmation of the above notion can also be achieved by
comparing the hepatic ammonia contents, and by comparing the
hepatic glutamate dehydrogenase activities among the four groups.
In fact, similar values of hepatic ammonia content and glutamate
dehydrogenase activity were observed in the four groups. It
seemed that the fish fed the diet with the lowest P/E ratio (H20)
did not have a minimal rate of protein degradation despite having
the lowest amount of digested protein, thus resulting in the
lowest growth rate in the H2O group. In other words, a certain
portion of metabolic requirement had to be obligatorily supplied
by protein degradation, which can actually be seen in the studies
on Sarotherodon mossambicus (Jackson and Capper, 1982) and
Anguilla rostrata (Gallagher and Matthews, 1988). Due to the
importance of protein energy for maintenance and growth, diets
with low protein contents (presumably with low P/E ratios) were
not the suitable feeds for culturing freshwater 0. mossambicus,
and the minimum dietary protein content should be 30% (i.e. the
same content as the H30 diet).
The present results showed that diets with P/E ratios of 88-
110 mg/Kcal (H40 and H50) were superior to diets with P/E ratios
of 44-66 mg/Kcal (H20 and H30) in promoting growth of freshwater
0. mossambicus. At high P/E ratios of 88-110 mg/Kcal, the high
protein energy diet (H50) and high non-protein energy diet (H40)
resulted in similar growth rates. It seemed that increasing the
dietary protein content from 40% to 50% would lead to decreased
protein utilization, which in turn resulted in similar growth in
67
fish fed the H40 and H50 diets. Indeed, a lower protein
digestion efficiency as evidenced by lowered protein
digestibility, and intestinal chymotrypsin and trypsin activities
was observed in the 1150 group than in the H40 group. Similar
reduction of protein digestion efficiency was also found in
Sarotherodon niloticus fry when the dietary protein content was
increased from 22% to 30% (De Silva and Perera, 1984). Another
support for a lower protein utilization in the H50 group was an
increase in protein degradation. This was evidenced by
significantly higher hepatic ammonia content and glutamate
dehydrogenase activity in the H50 group. When the dietary P/E
ratio was higher than the optimum, high energetic cost for
digestion and metabolism of protein resulted in lowered protein
utilization (Boyd and Goodyear, 1971 in Bowen, 1979). However,
the present results did not significantly show such a high
energetic cost in the H50 group because similar values of
specific dynamic action and ammonia excretion rate were found in
both H40 and H50 groups.
Similar to the present results, when the dietary P/E ratio
exceeded a certain level, no further increase in growth or even
growth depression has been reported in grass carp fry
(Dabrowski, 1977), European eel (Bilio et al., 1979), Tilapia
zillii (Mazid et al., 1979), juvenile tilapia (Jauncey, 1982),
rainbow trout and striped bass (cited in Tabachek,- 1986) and
walking catfish' fry (Chuapoehuk, 1987). In view of efficient
utilization of the expensive protein in diet, the present
results suggested that the optimal dietary P/E ratio for
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culturing freshwater 0. mossambicus should be 88 mg/Kcal. Feeds
such as trash fish muscle which had a high P/E ratio of 130
mg/Kcal were not recommended to be used for culturing the
species. In other studies on the optimal dietary P/E ratio cited
by Nose (1979), the optimal P/E ratio for channal catfish, brook
trout and rainbow trout were 120-147, 133 and 91-160 mg/Kcal
respectively. When compared to 0. mossambicus in the present
experiment, the fish mentioned by Nose (1979) required higher
dietary protein contents for maximal growth. Since 0.
mossambicus is an omnivore and the other fish are carnivores, it
seems that carnivorous fish have higher protein requirements than
omnivorous ones, which can also be observed in studies made by
Cho et al. (1985) and Pandian and Vivekanandan (1985).
In conclusive words, increasing the P/E ratio in
isocalorific diets improved growth of freshwater 0. mossambicus
up to a certain limit (i.e. 1120 H30= H40= H50). However,
both protein and non-protein energy had similar efficiencies in
promoting growth in seawater (i.e. H2O= H30= 1140= H50).
3.3.3 General effects of salinity on the bioenergetics of
Oreochromis mossambicus
The results of two-way analysis of variance tests showed
that salinity significantly affected various bioenergetic
parameters in 0. mossambicus, and the fish generally grew faster
in freshwater than in seawater. In order to clarify the general
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effects of salinity, average values of the seven fish groups
(fed the seven experimental diets) at each salinity (i.e.
freshwater or seawater) are presented (TABLE 3.15) and discussed.
Freshwater 0. mossambicus generally had significantly higher
specific growth rate and better feed and protein conversions than
their seawater counterparts. Since higher muscle protein and
lipid contents as well as a lower muscle water content were
observed in freshwater fish, the larger weight gain in
freshwater could only be explained by increased build up of
materials (i.e. real growth) rather than water influx from
hypotonic environment. In addition, since no difference in
absolute weights of livers of the fish (freshwater fish= 0.03-
0.15g, seawater fish= 0.03-0.098) was found, the lower
hepatosomatic and viscerosomatic indices in freshwater fish also
indicated a significantly higher growth in freshwater.
Similarly, in Mugil cephalus (De Silva and Perera, 1976),
Dicentrarchus labrax (Johnson and Katavic, 1986), Salmo gairdneri
(Jurss et al., 1986) and Oncorhynchus gorbuscha, exposure to
increasing salinity resulted in pronounced growth reduction.
Lowered growth rates in seawater could be the result of (1)
an increase in energy requirement for maintenance and (2) a
decrease in protein digestion efficiency. The evidence to
support the two notions is as follows:
(1) Among various native freshwater species including Q.
mossambicus, exposure to increasing salinity resulted in large
increases in energy requirement for maintenance (Rao, 1968 in
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Johnson and Katavic, 1986 Brett 1979 Eddy and Bath, 1979). In
the present experiment, oxygen consumption rate was marginally
higher in seawater than in freshwater, indicating a higher
metabolic cost for maintenance in seawater. Additionally,
significantly higher levels of hepatic glucose-6-phosphatase and
fructose-1,6-diphosphatase activities were also found in seawater
0. mossambicus. This suggested a high rate of gluconeogenesis in
seawater which in turn showed a high energy requirement in
seawater. Furthermore, a lowered amount of body energy reserve
in seawater 0. mossambicus indicated a higher rate of catabolism
to fulfill the high energy requirement in seawater. A high
energy requirement in seawater prompted increased catabolism of
absorbed food and body reserve, which in turn resulted in
generally lowered growth and feed utilization in seawater.
(2) Lowered growth and feed utilization in seawater 0.
mossambicus could be attributed to a lower digestion efficiency
in seawater. A decrease in digestion efficiency might be the
consequence of augmented water drinking to compensate for osmotic
water loss in hypertonic environment (Potts et al., 1967 in
Mainoya, 1982 Shehadeh and Gordon, 1969 Usher et al., 1988).
Support for this explanation was provided by the fact that
augmented water drinking could lead to shortening of gastric
evacuation time, dilution of gut enzymes and finally incomplete
food digestion (Ferraris et al., 1986). Actually, the present
results showed significantly lower protein digestibility and
intestinal trypsin activity in seawater 0. mossambicus than their
freshwater counterparts.
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Fish appetite has been suggested to be lowered under adverse
environmental conditions like low temperature (Pandian and
Vivekanandan, 1985). In the present experiment, a lower appetite
was found in seawater 0. mossambicus when compared to freshwater
one. This suggested that in seawater, the fish was in a poorer
physiological state and had a smaller scope for growth.
Freshwater 0. mossambicus had a higher rate of ammonia
excretion than their seawater counterparts. This suggested that
a higher rate of protein degradation was possible in freshwater.
A high rate of protein degradation might be an adaptive mechanism
for osmo-regulation in hypotonic environment. It was because the
branchial excretion of ammonium ion has been suggested to
accompany the uptake of sodium ion (Maetz and Garcia-Romeu,
1964). A high rate of protein degradation might also indicate a
high requirement of dietary protein in freshwater 0.
mossambicus. However, the present results were in contrast to
other studies in which high demands for dietary protein were
noted in euryhaline fish adapted to increasing salinities as a
result of decreased protein digestion efficiency and increased
protein requirement (Ferraris et al., 1986). It seems that the
requirements of dietary protein and 'energy in euryhaline fish




Feeds with low protein (20%) and energy contents (2 Kcal/g)
were inferior to feeds with higher protein and energy contents in
promoting growth of 0. mossambicus. This finding suggested that
low protein and energy feeds such as trash fish muscle (protein
content= 20%, energy content= 1.7 Kcal/g) were not the suitable
feeds for culturing 0. mossambicus and possibly other fish having
high protein and energy requirements. In order to attain a high
production in a short period of time, formulated feeds with high
protein and energy contents should be used. Dietary mineral and
vitamin premixes did not affect the growth of 0. mossambicus.
Therefore, dietary minerals and vitamins were considered to be
less essential than dietary protein and energy for supporting
growth of the species.
As a result of increased energy requirement for maintenance
and decreased digestion efficiency in seawater, 0. mossambicus
generally grew slower in seawater than in freshwater. Culturing
0. mossambicus in seawater was not feasible when low energy feeds
and/or low rations were provided (i.e. daily energy supply= 45
cal/g fish regardless of energy sources).
In freshwater 0. mossambicus, it appeared that there was a
prime demand for protein energy for osmo-regulation and growth.
Feeds with protein contents of at least 30% were needed for
culturing the species in freshwater. The optimal dietary protein
content and P/E ratio should be around 40% and 88 mg/Kcal
respectively.
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3.5 TABLE 3.1- 3.15
TABLE 3.1 Composition of fish meal





Other non-energy substances# 13
(e.g. ash)
a: complete weight loss at 105°C.
b. measured with the Micro-Kjeldahl method (Fels and Veatch,
1959).
C. weight loss after complete extraction in petroleum ether.
d: determined according to Dubois et al. (1956).
calculated as the difference between the total weight and
weight of other ingredients.
Energy content was calculated by assumming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,
1979).
Energy content : 5.2 Kcal/g
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TABLE 3.2 Composition of trash fish muscle





Energy content: 1.7 Kcal/g
a: weight loss at 105°C.
b• measured with the Micro-Kjeldahl method (Fels and Veatch,
1959).
C: weight loss after extraction in petroleum ether.
d: determined according to Dubois et al. (1956).
*• Energy content was calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,
1979).
TABLE 3.3 Compositions of the experimental diets
L20 +L20 1120 H30 1140 H50
Ingredients (g/100g diet):
Fish meal 30 30 30 48 64 84
Starch 0 0 41 28 16 0
Vegetable oil 4 4 13 8 4 0
Vitamin mixturea 0 2 2 2 2 2
Mineral mixtureb 0 10 10 10 10 10
Chromic oxide 1 11 1 1 1







2.0 2.0 4.5 4.4 4.4 4.3Energy contentc
(Kcal/g)
a: Vitamin mixture contains (g/50g of mixture) 0.28g thiamine, 0.93g
riboflavin, 0.20g pyridoxine, 7.lg inositol, 0.10g folic acid,
35.04g choline, 2.00g niacin, 0.10g vitamin B12, 4.05g vitamin C
and 0.15g vitamin E (modified from Jauncey, 1982).
b Mineral mixture contains (g/150g of mixture) 94.01g Calcium
hydrogen phosphate, 20.31g Calcium carbonate, 12.55g Magnesium
sulphate, 4.00g Ferrous sulphate, 6.80g Potassium chloride, 11.06g
Sodium chloride, 0.028g Aluminium sulphate, 0.55g Zinc sulphate,
0.136g Copper sulphate, 0.378g Manganese sulphate, 0.0343g Sodium
iodate and 0.14g Cobalt chloride (modified from Jauncey, 1982).
c• Energy content was calculated by assuming that the physiological
values of protein, lipid and carbohydrate are 5.65, 9.45 and 4.10
Kcal/g respectively (Shimeno et al., 1979).
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TABLE 3.4 Effects of salinity and dietary input:
F-values resulting from two-way analysis of variance tests on the
effects of salinity and dietary input on the bioenergetics of
Oreochromis mossambicus
F-values from two-way ANOVA tests
(F-values at P`=0.05)
Parameters# Salinity Dietary input Interaction
SGR 23.3 s 7.0 s 1.0 ns
( 4.5) ( 2.7) ( 2.7)
FCE 22.2 s 6.8 s 1.1 ns
( 4.5) ( 2.7) ( 2.7)
PER 5.5 s15.7 s 0.3 ns
( 2.7)( 2.7)( 4.5)
2.6 s6.0 s10.7 sAppetite
( 2.3)( 2.3)( 4.2)
6.4 s14.1 s26.3 sMuscle water
( 2.1)( 2.1)( 4.0)
16.9 s10.6 s336.0 sMuscle lipid
( 2.1)( 2.1)( 4.0)
5.1 s9.8 s6.7 sMuscle protein
( 2.3)2.3){ 4.2)
2.3 ns6.1 s66.7 sProtein dig.
( 2.6)( 2.6)( 4.3)
5.4 s4.5 s2.3 nsChymotrypsin
2.1)( 2.1)( 4.0)
5.9 s3.7 s16.0 sTrypsin
( 2.1)( 2.1)( 4.0)
2.0 m2.1 m16.3 sLiver NH3
( 2.1)( 2.1)( 4.0)
1.7 ns11.3 s4.0 mLiver GOT
2.1)( 2.1)( 4.0)
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Liver GPT 0.0 ns 13.0 s 3.6 s
( 4.0) ( 2.1) ( 2.1)
Liver GDH 1.3 ns 4.3 s 1.5 ns
( 4.0) ( 2.1) ( 2.1)
Liver G6Pase 89.2 s 4.3 s 3.1 s
( 4.0) ( 2.1) ( 2.1)
Liver FDPase 11.1 s 4.6 s 1.6 ns
( 4.0) ( 2.1) ( 2.1)
Basal 02 3.9 m 0.7 ns 0.3 ns
t 4.0) ( 2.2) ( 2.2)
02 feeding 0.0 ns 0.8 ns 0.4 ns
( 4.0) ( 2.2) ( 2.2)
Basal NH3 27.2 s 1.1 ns 0.1 ns
( 4.0) ( 2.2) ( 2.2)
3.5 s 0.7 ns23.3 sNH3 feeding
( 2.2) ( 2.2)( 4.0)
1.1 ns0.6 ns2.0 nsSerum a.a.
( 2.1)( 2.1)( 4.0)
3.6 s9.7 s2.4 nsSerum protein
( 2.1)( 2.1)( 4.0)
2.2 m14.0 s45.2 sHSI
( 2.1)( 2.1)( 4.0)
2.2 m2.0 m10.3 sVSI
( 2.1)( 2.1)( 4.0)
ns, s and m indicate that the effects are non-significant,
significant and marginally significant at P'=0.05 respectively.
#• details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.5 Effects of dietary mineral and vitamin premixes:
Comparisons between freshwater Oreochromis mossambicus fed the diets






























Liver GDH 27.1 30.7
(U/g) ( 5.1) ( 6.0)
Liver G6Pa9e 19.7 18.6
(jimole P04 /h/g) ( 7.0) ( 4.1)
Liver FDPae 12.3 12.4
(jimole P04 /h/g) ( 6.8) ( 4.5)
Basal 02 0.146 0.132
(ml 02/2/g) (0.036) (0.025)
02 feeding 0.154 0.158













The values in parentheses are the values of standard deviation.
* the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
80
TABLE 3.6 Effects of dietary mineral and vitamin premixes:
Comparisons between seawater Oreochromis mossambicus fed the diets
































Liver G6Pale 27.8 20.0
(pmole PO4 /h/y) ( 9.6) ( 9.8)
Liver FDPaje 27.4 12.6
()imole POQ /h/g) ( 8.3) ( 4.8)
Basal 022 0.155 0.154
(ml 02/h/g) (0.026) (0.021)
02 feeding 0.174 0.129
(ml 02/h/g) (0.050) (0.080)
Basal NH3 0.0086 0.0092
(jig NH3-N/h/g) (0.0046) (0.0042)
NH3 feeding 0.0039 0.0035
(pg NH3-N/h/g) (0.0022)(0.0025)
131 161Serum a. a.







The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.7 Effects of dietary energy density at constant daily energy
supply:
Comparisons between freshwater Oreochromis mossambicus fed a high
energy density diet at a 0.5% ration (R40) and a low energy density























( 7.4)(11.7)Liver NH,(ug NH3 /9




Liver GDH 30.7 19.9
(U/g) ( 6.0) ( 2.9)
Liver Male 18.6 14.3
(umole P043- /h/g) ( 4.1) ( 2.5)
Liver FDPase 12.4 16.2
( 4.5)(umole P04 /h/g) ( 3.3)
















The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.8 Effects of dietary energy density at constant daily energy
supply:
Comparisons between seawater Oreochromis mossambicus fed a high
energy density diet at a 0.5% ration (R40) and a low energy density






















31.343.6Liver N113 ( 6.6)(22.5)(jig NH3-N/g)
29372304Liver GOT (1134)( 161)(U/g)
16901204Liver GPT (1155)( 321)(U/g)
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Liver GDH 30.0 26.7
(U/g) 4.0) ( 4.2)
Liver Wale 20.0 33.0
(pmole P04 /h/g) ( 9.8) ( 5.3)
Liver FDPaje 12.6 28.6
(pmole P04 /h/g) ( 4.8) (15.9)
Basal 0Z 0.154 0.187
(ml 02/Z/g) (0.021) (0.093)
02 feeding 0.129 0.078
(ml 02/h/g) (0.080) (0.009)
Basal NH3 0.0092 0.0098
(jig NH3-N/h/g) (0.0042) (0.0056)
NH3 feeding 0.0035 0.0010
(jig NH3-N/h/g) (0.0022) (0.0019)
Serum a. a. 161 160







The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.9 Effects of dietary energy content:
Comparisons between freshwater Oreochromis mossambicus fed a high































Liver Male 18.6 16.6
(}lmole PO4 /h/g) ( 4.1) ( 2.0)
Liver FDPae 12.4 22.9
(jimole P04 /h/g) ( 4.5) (11.4)
Basal 02 0.132 0.153
(ml 02/?I/g) (0.025) (0.056)
02 feeding 0.158 0.121
(ml 02/h/g) (0.044) (0.079)
Basal NH3 0.0146 0.0124
(ug NH3-N/h/g) (0.0047) (0.0060)
NH3 feeding 0.0073 0.0019
().ig NH1-N/h/g) (0.0061) (0.0024)
Serum a.a. 163 139







The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.10 Effects of dietary energy content:
Comparisons between seawater Oreochromis mossambicus fed a high energy































Liver G6PaIe 20.0 33.7
(jimole P04 /h/g) ( 9.8) ( 7.6)
Liver FDPaje 12.6 18.7
(}mole PO4 /h/g) ( 4.8) ( 2.0)
Basal 02 0.154 0.176
(ml 02/2/g) (0.021) (0.037)
02 feeding 0.129 0.094
(ml 02/h/g) (0.080) (0.031)
Basal NH3 0.0092 0.0059











The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.11 Effects of increasing ration:
Comparisons between freshwater Oreochromis mossambicus fed the H40




























19.924.9Liver GDII ( 2.9)( 4.7)(U/g)
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Liver G6PaQe 21.7 14.3
(}mole PO4 /h/g) ( 4.0) ( 2.5)
Liver FDPase 18.2 16.2
(jimole P04 /h/g) ( 8.2) ( 3.3)
Basal 02 0.135 0.161
(ml 02/h/g) (0.030) (0.043)
02 feeding 0.120 0.129
(ml 02/h/g) (0.066) (0.083)
Basal NH3 0.0126 0.0147
(pg N113-N/h/g) (0.0028) (0.0060)
NH3 feeding 0.0099 0.0043
(pg NH1-N/h/g) (0.0041) (0.0046)
serum a. a. 136147







The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
• details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.12 Effects of increasing ration:
Comparisons between seawater Oreochromis mossambicus fed the H40 diet































Liver G6Pase 36.4 33.0
(umole P04 /h/g) ( 7.3) ( 5.3)
Liver FDPase 25.3 28.6
(pmo1e P04 /h/g) (10.0) (15.9)
Basal 0 0.142 0.187
(ml 02/h/g) (0.032) (0.093)
02 feeding 0.142 0.078
(ml 02/h/g) (0.075) (0.009)
Basal NH3 0.0085 0.0098
(ug NH3-N/h/g) (0.0024) (0.0056)
NH3 feeding 0.0099 0.0010
(ug NH3-N/h/g) (0.0041) (0.0019)
Serum a.a. 149 160







The values in parentheses are the values of standard deviation.
the two groups are different at P=0.05 significance level
(Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.13 Effects of dietary protein to energy ratio:
Comparisons among freshwater Oreochromis mossambicus fed four
isocalorific diets (1120, 1130, 1140 and 1150) with increasing protein to
energy ratios (44, 66, 88 and 110 mg/Kcal)
Parameters# H2O H30 H40 H50
SGR 0.073 a 0.193 b 0.437 b 0.440 b
(%/day) (0.018) (0.004) (0.076) (0.193)
FCE 0.073 a 0.193 b 0.437 b 0.440 b
(0.018) (0.004) (0.076) (0.193)
0.510 a 0.900 a 0.730 aPER 0.270 a
(0.320)(0.160)(0.010)(0.070)
1.65 a1.69 a1.76 a2.02 aAppetite
(0.11)(0.11)(0.14)(0.15)(%)
74.2 b74.5 b75.1 a76.0 aMuscle water
( 0.5)( 0.6)( 1.3)( 3.0)(%)
2.40 c2.20 c2.00 b1.80 aMuscle lipid
(0.20)(0.10)(0.20)(0.20)(%)
24.8 a23.9 a23.6 a22.7 aMuscle protein
( 0.6)0.5)( 0.4)( 0.8)(%)
83.1 ac92.8 bc96.5 b76.3 aProtein dig.
( 5.0) (10.3)( 1.6)(10.4)(96)
20.6 c37.7 b35.8 a22.2 aChymotrypsin
( 5.7)( 7.3)( 2.4)(10.8)(U/g)
73.5 a125.6 b117.9 b71.7 aTrypsin
( 6.8) (29.5)( 6.9)(16.9)(U/g)
33.7 a22.4 b31.6 ab38.5 aLiver NH3
( 7.4)( 8.2)( 7.3)(18.7)(jig NH3-N/g)
3604 c2803 be2314 ab1875 aLiver GOT
( 237)( 572)(1015)( 779)(U/g)
3660 c2057 b1115 a963 aLiver GPT
( 885)(1243)( 385)( 193)(U/g)
32.1 b24.9 a21.6 a24.3 aLiver GDH
( 4.6)4.7)( 6.2)( 8.6)(U/9)
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Liver GGPaje 16.6 a 22.4 a16.1 a 21.7 a
(}imole P04 /h/g) 2.0) ( 4.1) 4.0) ( 6.5)
Liver FDPaje 22.9 a 21.1 a 18.2 a 26.7 a
(}imole P04 /ti/g) (11.4) ( 3.7) ( 8.2) ( 8.4)
Basal 0 0.153 a 0.135 a 0.139 a0.149 a
(ml 02/ /g) (0.056) (0.043) (0.037)(0.030)
02 feeding 0.121 a 0. 11.2 a 0.120 a 0.146 a
(ml 02/h/g) (0.079) (0.050) (0.066) (0.110)
Basal NH3 0.0124 a 0.0132 a 0.0126 a 0.0177 a
(fig NH3-N/h/g) (0.0028) (0.0041)(0.0059)(0.0060)
0.0130 a0.0099 a0.0040 a0.0019 aNH3 feeding
(0.0068)(0.0041)(jig NH3-N/h/g) (0.0044)(0.0024)
137 a147 a124 a139 aSerum a.a.
( 17)( 64)( 38)( 17)(mg/l00 ml)
76.6 a65.0 a62.4 a70.0 aSerum protein
( 5.6)( 8.2)( 7.5)(24.6)(mg/ml)
1.03 b1.07 b1.14 b0.69 aHSI
(0.09)(0.09)(0.12)(0.12)(%)
6.81 c8.90 ab10.46 b8.12 avsI
(1.27)(1.73)(2.64)(0.62)(%)
The values in parentheses are the values of standard deviation.
The groups with the same alphabet are not significantly different at
P=0.05 significant level (Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.14 Effects of dietary protein to energy ratio:
Comparisons among seawater Oreochromis mossambicus fed the four
isocalorific diets (H20, H30, 1140 and H50) with increasing protein to
energy ratios (44, 66, 88 and 110 mg/Kcal)
Parameters# H2O H30 H40 H50
SGR -0.092 a -0.123 a 0.099 a -0.120 a
(%/day) (0.210) (0.076)(0.152) (0.069)
0.099 a -0.120 a-0.092 a -0.123 aFCE
(0.076)(0.069)(0.210) (0.152)
-0.210 a0.200 a-0.340 a -0.320 aPER
(0.130)(0.140)(0.400)(0.780)
1.45 a1.30 a1.39 a1.39 aAppetite
(0.27)(0.45)(0.48)(0.30)(%)
77.5 a76.8 b76.9 b77.5 aMuscle water
( 1.3)( 1.3)0.5)( 1.3)(%)
1.50 a1.20 b1.40 a1.40 aMuscle lipid
(0.20)(0.10)(0.10)(0.10)(%)
20.9 a21.0 a22.0 a21.2 aMuscle protein
( 1.1)( 0.3)( 0.5)0.3)M
68.7 b75.1 b63.5 b51.0 aProtein dig.
( 5.4)(10.4)( 4.0)( 2.8)(%)
24.0 a26.9 b22.6 a24.1 aChymotrypsin
( 5.8)( 6.3)( 5.6)( 4.7)(U/g)
96.2 b81.7 b79.4 b69.0 aTrypsin
(26.0)(26.4)(24.7)(19.2)(U/g)
29.3 a38.2 a29.9 a45.2 aLiver NH
( 6.0)( 8.3)(14.6){ 6.5)(jig NH3 /g)
3506 a3209 a1630 b2711 aLiver GOT
( 513)( 926)( 595)( 865)(U/g)
2087 b1830 b1078 a1070 aLiver GPT (1312)(1164)( 105)( 147)(U/g)
28.0 a26.4 a26.0 a25.7 aLiver GDH ( 5.4)( 6.2)( 3.2)( 1.4)(U/g)
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Liver G6PaIe 18.7 a 23.3 a 25.3 a 39.9 b
(jimole P04 /h/g) ( 2.0) (12.4) (10.0) (10.4)
Liver FDPaje 33.7 a 41.3 a 36.4 a 37.9 a
( 7.6)(mole PO4 /h/g) ( 7.3)(13.0) ( 8.8)
Basal 02 0.176 a 0.169 a 0.142 a 0.196 a
(nil 0 (0.037) (0.025) (0.032) (0.040)2/1/g)
02 feeding 0.094 a 0.135 a 0.142 a 0.169 a
(ml 02/h/g) (0.031) (0.082) (0.075) (0.050)
Basal NI13 0.0059 a 0.0073 a 0.0085 a 0.0121 a
(}ig NH3-N/h/g) (0.0016) (0.0019) (0.0024) (0.0046)
NH3 feeding 0.0005 a 0.0013 a 0.0041 a 0.0045 a
(jig NH3-N/h/g) (0.0005) (0.0006) (0.0016) (0.0037)
156 a138 a 153 a164 aSerum a.a.
( 17)( 37)( 43)( 61)(mg/l00 ml)
80.5 b84.8 b77.7 b66.5 aSerum protein
( 9.7)( 3.4) (11.8)(11.0)(mg/ml)
1.63 b1.55 b1.48 b1.14 aHSI
(0.24)(0.33)(0.39)(0.22)(%)
10.4 a10.7 a10.7 a10.3 aVSI
( 2.1)( 2.5)( 2.2)( 1.8)(%)
The values in parentheses are the values of standard deviation.
The groups with the same alphabet are not significantly different at
P=0.05 significance level (Duncan's multiple range test).
details of the abbreviations and contractions used in this table
are shown in page v.
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TABLE 3.15 General effects of salinity on the bioenergetics of
Oreochromis mossambicus:
Comparisons between freshwater and seawater 0. mossambicus





























Liver Male 18.5 26.9 S
(imole P04 /h/g)
Liver FDPaIe 18.3 31.1 S
(jimole P04 /h/g)
Basal 02 0.145 0.168 m
(ml 02/2/g)
02 feeding 0.133 0.132 ns
(ml 02/h/g)












Average values of the 7 experimental groups in each salinity (i.e.
freshwater or seawater) are presented.
s,ns and m indicate significant, non-significant and marginal
significant differences between freshwater and seawater fish
at P=0.05 significance level respectively (Two-way analysis of
variance test).
details of the abbreviations and contractions used in this table
are shown in page v.
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CHAPTER 4
EFFECTS OF RATION ON THE BIOENERGETICS OF OREOCHROMIS MOSSAMBICUS
IN FRESHWATER AND SEAWATER
4.1 INTRODUCTION
Feeding rate is important for the highest production at the
least cost (Nose, 1979). Optimal ration (i.e. the amount of food
needed to support optimal growth) has been shown to be important
for profitable fish culture because inadequate or excess supply
of food will lead to poor growth or feed wastage respectively
(Brett, 1979).
The fate of ingested and assimilated food can be summarized
in the following bioenergetics equations (Brett Groves, 1979):
I= E+ M+ G and A= M+ G
where I is food ingested, E is excretion, M is metabolism, A is
assimilated food and G is growth.
Bioenergetics and growth are inseparable, and maintenance
requirements have first priority when the channelling of food
energy is involved (Brett, 1979). Therefore, when feed is
provided at low ration, most of the assimilated energy/nutrients
will be channelled for maintenance, and growth will be impaired
(Cho et al., 1985).
In case of providing a ration higher than the optimum (i.e.
excess feed is provided), decreased appetite (I) (Fletcher,
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1984), elevated excretion (E) and increased metabolic cost for
post-absorptive nutrient processing (M) (Kaushik and Gromes,
1988) will lead to feed wastage which in turn will elevate the
cost of fish culture. Additionally, uneaten feed left in the
culture system would easily initiate rapid deterioration of water
quality and cause the fish to be highly susceptible to diseases
(Johnson and Katavic, 1986). As a result, fish culture will
become unprofitable from the business and environmental points of*
views.
Earlier studies (Chapter 3 of this thesis) have demonstrated
significant effects of salinity on the energy and nutrient
requirements of Oreochromis mossambicus. Positive growth was
observed only in freshwater fish, but not in seawater fish when a
feed (energy content= 4.3 Kcal/g, protein to energy ratio= 116
mg protein/Kcal) was provided at a daily ration of 1A initial
body weight. The results suggested that seawater culture would
not be feasible in a condition of low and restricted ration (A).
A possible explanation was that the seawater 0. mossambicus was
under an energy demanding state which resulted in negative
protein and energy retention in the fish body and eventual weight
loss. However, whether the provision of higher rations (i.e.
increasing the daily energy/nutrient supply) would lead to growth
enhancement has not been determined. Since there is little
information about feed rations required for culturing 0.
mossambicus, or other tilapia species in seawater (Al-Ahmad et
al.,1988), the present experiment was carried out in order to
provide more information about this aspect.
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In the present experiment, bioenergetic studies (including
the measurements of specific growth rate, feed conversion
efficiency, water content in muscle, intestinal amylase and
protease activities, basal rates of metabolism and ammonia
excretion) were conducted in freshwater and seawater 0.
mossambicus fed an artificial diet at different daily rations (1,
2 and 3% initial body weight). The specific objectives were (1)
to investigate the effects of salinity on the feed requirement of
0. mossambicus and (2) to determine the optimal and maximal
rations for culturing 0. mossambicus in freshwater and seawater.
4.2 MATERIALS AND METHODS
4.2.1 The experimental diet
The experimental diet was made by thorough mixing of
appropriate amounts of fish meal (TABLE 4.1), mineral and vitamin
premixes, chromic oxide, carboxymethyl cellulose and water. The
composition of the diet is shown in TABLE 4.2. The experimental
diet was made into small cylindrical pellets (length: 5 mm,
diameter: 3mm) and completely dried before given to the fish at
daily rations of 1%, 2% and 3% initial body weights (i.e. the
calculated daily energy inputs are 45, 90 and 135 cal/g fish
respectively).
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4.2.2 The experimental design
Six experimental groups of seven individuals per group (2
salinity variables X 3 ration variables) were included in the
present experiment. Three freshwater groups were fed at daily
rations of 1%, 2% and 3% respectively. Similarly three seawater
(300/00) groups were fed at daily rations of 1%, 2% and 3%
respectively. Animals weighing between 9-15g were acclimatized
to the test conditions for 7 days, then groups of 7 individuals
were weighed and transferred to the experimental tanks to
initiate the experiment (Day 1). The initial weight of each fish
group was recorded. After 15 days of feeding (i.e. on Day 16),
an appetite test which measured the amount of a commercial
floating feed (Star Green Mini, Yeaster Co., Japan.) consumed by
each fish group within a 5 minute period was conducted. On Day
20, the basal rates of metabolism and ammonia excretion of
various groups were measured in a 20 litre sealed water-tank. At
the end of the experiment (Day 22), the final weight of each fish
group was recorded to calculate the specific growth rate and feed
conversion efficiency of the group. The entire experiment was
carried out in triplicate (i.e. N= 3 groups of 7 individuals).
At the end of the experiment (Day 22), intestine and muscle
of fish from each group were also sampled (i.e. n= 7
individuals) and then kept frozen at -20°C until used for
analyses of intestinal enzyme activities and muscle water content
respectively.
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4.2.3 The experimental conditions
Each group of 7 fish was placed in a tank containing 20
litres of water with constant aeration at 28°C. The fish were
fed with the experimental diet at the assigned daily ration (i.e.
1, 2 or 3% initial body weights) for 21 days. The water in the
tank was changed on alternate days.
4.2.4 Analytical methods
(1) Specific growth rate(% increase in weight/day)
final weight- initial weight
specific growth rate=- X 100%
initial weight X 21 days
(Bromley and Smart, 1981)





(3) Appetite(% body weight)
A commercial floating diet (Star Green Mini, Yeaster Co.,
Japan) was used to determine fish appetite, and




(4) Water content in muscle(%)
Water content in muscle was measured by the difference in
weight of muscle before and after complete drying at 105°C.
(5) Preparation of intestinal enzyme solution
Whole intestine was homogenized with appropriate volume of
0.8% sodium chloride solution using an Ultra-Turrax homogenizer
(Type TP18/10). The homogenate was centrifuged and the
supernatant was used for subsequent enzyme assays at 28°C.
(6) Trypsin activity in intestine (U/g tissue)
Intestinal trypsin activity was determined by following the
release of toluensulfonyl-L-arginine from N-p-toluensulfonyl-L-
arginine methyl ester by O.lml enzyme supernatant (lw:9v
dilution) (Rick, 1974b). U is pmole of the product released per
minute.
(7) Amylase activity in intestine (pmole maltose/min/g tissue)
Intestinal amylase activity was determined by measuring the
maltose released from 0.5% starch solution by O.lml enzyme
supernatant (1w:49v dilution) (Rick and Stegbauer, 1974).
(8) Basal rate of metabolism (ml 02 consumed/h/g fish)
Twenty four hours after the last feeding, basal metabolism
was determined by measuring the decline in oxygen partial
pressure of water in a 20 litre sealed tank. Oxygen partial
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pressure was monitored with an oxygen electrode (Radiometer
Copenhagen E5046/0) coupled to an Acid-Base Analyzer (Radiometer
PHM71 MK2).
(9) Basal rate of ammonia excretion (,jig NH3-N/h/g fish)
Twenty four hours after the last feeding, the rate of basal
ammonia excretion was determined by measuring the rate of
increase in ammonia content in water. Ammonia content in water
was measured with the phenolhypochlorite method (Solorzano,1969).
(10) Numbers of samples
For each of the experimental group, the measurements of
specific growth rate, feed conversion efficiency, appetite, basal
rates of metabolism and ammonia excretion were run in triplicate
(i.e. N= 3 groups of 7 individuals).
For the measurements-of muscle water content and intestinal
amylase and trypsin activities, individual values were obtained
from seven individuals in each experimental group (i.e. n= 7
individuals).
4.2.5 Statistical analyses
The NWA STATPAK, Version 2.1 (Northwest Analytical, Inc.,
Portland, OR, 1982) was used for statistical analyses of data.
(1) Significant effects of salinity and ration were assessed with
two-way analysis of variance tests.
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(2) The effects of ration on freshwater or seawater fish were
analyzed with one-way analysis of variance tests. Significant
differences among the 3 experimental groups (1, 2 and 3% rations)
at each salinity were tested with Duncan's multiple range tests.
(3) At each feeding level (1, 2 or 3% ration), significant
differences between freshwater and seawater fish were assessed
with Student's t-tests.
(4) Significant differences among the experimental groups were
evaluated at the P=0.05 significance level.
4.3 RESULTS AND DISCUSSIONS
4.3.1 Effects of salinity and ration on the bioenergetics of
Oreochromis mossambicus: the results from two-way
analysis of variance tests (TABLE 4.3)
Based on the results of two-way analysis of variance tests,
both salinity and ration had significant effects on the
digestion, excretion, metabolism and eventual growth of 0.
mossambicus. The results suggested that (1) food supply would
alter the bioenergetics of 0. mossambicus and thus affect fish
growth, and (2) freshwater and seawater 0. mossambicus were
different in partition of food energy.
Significant interactions between salinity and ration on
fish growth and feed utilization were also observed. These
interactions indicated significant effects of salinity on the
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feed requirement of 0. mossambicus. Therefore, for culturing the
species at different salinities, different feeding regimes should
be adopted for maximal production.
4.3.2 Effects of ration on freshwater 0. mossambicus (TABLE 4.4)
One-way analysis of variance and Duncan's multiple range
tests were used to test for significant differences among
freshwater 0. mossambicus fed at 1, 2 and 3% rations.
In agreement to other studies on Parophys vetulus Giraid
(Williams and Caldwell, 1978), Salmo gairdneri (MacLeod, 1978
Storebakken and Austreng, 1987), Clarias lazera (Hogendoorn,
1983), Oreochromis niloticus fry (Santiago et a1., 1987) and
Aristichthys nobilis fry (Carlos, 1988), the present results
showed that specific growth rate increased with ration. Feed
conversion efficiency and water content in muscle, on the other
hand, were not affected.
Increasing the ration from 19 to 2 and 39 resulted in
significantly elevated levels of intestinal trypsin and amylase
activities in freshwater 0. mossambicus, suggesting that the
animals were capable of digesting a large meal. This finding
was in agreement with the fact that increasing the food ration
would not decrease the protein and energy digestibilities in
rainbow trout (Cho et al.,1976 Storebakken and Austreng, 1987).
Therefore, a large meal would provide more energy (Reinitz, 1983
Storebakken and Austreng, 1987 Cui and Wootton, 1988) for
metabolic work and supply more nitrogen resources (Reinitz,
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1983 Ramnarine et al.,1987) to be retained in the fish body.
Consequently, increased amounts of digested protein and energy
from high rations (2 and 3%) were likely to significantly
increase the growth rates.
Ammonia excretion is the resultant energy loss associated
with the assimilation and deamination of protein following
feeding (Jobling, 1981 in Ramnarine et al., 1987 Dabrowski et
al., 1987 Gallagher and Matthews, 1987). Oxygen consumption
positively relates to the energy requirement for food
assimilation (Smith, 1979 LeGrow and Beamish, 1986 Dabrowski et
al., 1987 Gallagher and Matthews, 1987). Increased ammonia
excretion and oxygen consumption, to a certain extent, indicate
poor nutrient utilization at assimilation level. Previous
findings showed that high feeding levels resulted in increased
oxygen consumption and ammonia excretion in rainbow trout
(Kaushik and Gomes,1988), and elevated ammonia excretion in
Atlantic cod (Ramnarine et al., 1987). In contrast, in the
present experiment, increases in rate of basal metabolism and
ammonia excretion were not found in fish fed at high rations
(i.e. 2 and 3% groups). This indicated that in freshwater 0.
mossambicus, higher rations (2% and 3%) did. not decrease the
feed utilizing efficiency and cost extra energy for nutrient.
assimilation. Additionally, as increased amount of energy used
for mechanical and biochemical food processing was saved upon
taking a large meal than a smaller one (Beamish and MacMahon,
1988), high rations (2 and 3%) might reduce the proportion of
energy lost in food processing. These supported that high
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rations did not decrease the feed utilization efficiency, and
therefore resulting in significant growth improvement.
Metabolizable energy increased towards an asymptotic value
with feeding (Hogendoorn,1983). Thus, metabolizable energy in
relation to ingested food energy would decrease when the ration
size is larger than a certain value. This may possibly explain
that feed conversion efficiency was lower at 3% ration (0.419±
0.013) than at 2% ration (0.473 + 0.026), although the difference
was not statistically significant. Similarly, when ration
exceeded a certain value, no further increase or even decrease in
feed conversion efficiency has been reported in Parophrys vetulus
Girard (Williams and Caldwell, 1978), Salmo gairdneri (MacLeod,
1978 Storebakken and Austreng, 1987), Salvelinus alpinus (Eales
and Shostak, 1985) and Clarias fuscus (Young and Fast, 1988).
MacLeod (1978) cited evidence from Pandian and Raghumuraman
(1972) and claimed that when compared to the maximal feed
conversion efficiency, there was an 83% decrease in feed
conversion efficiency in Sarotherodon mossambicus fed at maximal
ration.
In the present experiment, similar levels of intestinal
trypsin and amylase activities were observed at 2 and 3% rations.
This suggested that (1) there was an intrinsic limit of digestion
in the fish and (2) incomplete digestion of food would occur if a
large meal such as a 3A ration was provided. Pandian and
Vivekanandan (1985) suggested that a high ration would lead to
an increase in energy requirement for post-absorptive food
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processing which in turn might decrease the efficiency of
digestion and appetite. The present experiment reveal that
appetite was significantly lower at 3% ration than at 2% ration.
This suggested that a 3% ration would result in an increased
energy requirement for food processing and a lowered efficiency
of digestion.
The present results showed that for culturing freshwater 0.
mossambicus, a daily ration of at least 2% body weight was
required. Additionally, in view of lowered feed utilization
efficiency, a daily ration as high as 3% body weight was not
recommended for culturing the species-in freshwater although the
highest growth rate was found at 3% ration.
4.3.3 Effects of ration on seawater 0. mossambicus (TABLE 4.5)
One-way analysis of variance and Duncan's multiple range
tests were used to reveal significant differences among seawater
0. mossambicus fed at 1, 2 and 3% rations.
Negative growth rate and feed conversion efficiency were
found only at the lowest ration (1M). Increasing the daily
ration from A to 2% or 3% led to positive growth rate and feed
conversion efficiency. However, the highest growth rate and feed
conversion efficiency were observed at 2% ration.
Increasing the ration from 1% to 2 and 3% resulted in
elevated intestinal trypsin and amylase activities. This
suggested that (1) seawater 0. mossambicus was capable of
digesting large meals and (2) high rations led to improvement in
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digestion efficiency. Increased digestion efficiency at 2 and 3
rations would result in increased amounts of digested protein and
energy available for maintenance and growth. Consequently, the
burden of negative energy balance at 1% ration was relieved.
Therefore, a daily ration of at least 2% body weight should be
used to sustain positive growth of seawater 0. mossambicus. It
was because in case of providing a low ration (1A), inadequate
nutrient supply and/or inefficient digestion would result in
negative fish growth in seawater.
Compared to 2% ration, 3A ration significantly lowered the
specific growth rate and feed conversion efficiency in seawater
0. mossambicus. This was most likely due to an increase in
energy requirement for processing the large meal. Indeed,
similar to the finding of Kaushik and Gomes (1988), an elevated
rate of metabolism (as indicated by a higher rate of oxygen
consumption) was observed at 3% ration.
Additionally, similar intestinal trypsin and amylase
activities at 2 and 39 rations suggested that (1) there was an
intrinsic limit of digestion in the seawater fish and (2)
digestion of a large meal such as a 3% ration, would be
incomplete. Lower growth rate and feed conversion efficiency at
3% ration compared to 2% ration might also be caused by impaired
digestion efficiency.
The present experiment revealed a significantly lowered
appetite at 3% ration when compared to 2% ration. A decrease in
appetite was suggested to be an indication of decreased digestion
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efficiency and increased energy requirement for post-absorptive
food processing (Pandian and Vivekanandan, 1985). At 3A
ration, elevated energy requirement for post-absorptive food
processing and decreased digestion efficiency would again bring
seawater 0. mossambicus into a new energy demanding state which
was different from that at inadequate dietary energy supply (1%
ration). In addition, these showed that the optimal point of
positive energy balance accomplished by a 2% ration was very
fragile and would be easily ruined by a 3% ration.
The present results showed that for profitable culture of
seawater 0. mossambicus, the optimal and maximal rations should
be 2% body weight per day. Excess ration which caused feed
wastage and decreased fish growth should not be adopted.
Similarly, a daily ration of 2% body weight was found to be
optimal for culturing 70-130g 0. spilurus in seawater (A1-Ahmad
et al., 1988).
4.3.4 Effects of salinity at 1,2 and 3% rations (TABLES 4.6 and
4.7)
The general effects of salinity are summarized in TABLE 4.6
in which the average of the 3 experimental groups (1%, 2% and 3%)
at each salinity (i.e. freshwater or seawater) is presented. At
each of the 3 feeding levels (i.e. 1%, 2% and W, the effects of
salinity are shown in TABLE 4.7 which presents (1) the ratios of
the values in seawater fish to that in freshwater fish and (2)
the corresponding results of Student's t-tests which were
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employed to test for significant differences between freshwater
and seawater fish.
Generally, higher specific growth rates and feed conversion
efficiencies were observed in freshwater than in seawater (TABLE
4.6 and 4.7). These were attributed to the higher digestion
efficiency and lower metabolic requirement in freshwater even
though a higher rate of protein degradation (as indicated by a
higher rate of ammonia excretion) was found in freshwater.
Indeed, similar results have been observed in earlier experiment
(Chapter 3 of this thesis). However, salinity did not appear to
influence the muscle water content and appetite of 0.
mossambicus. These therefore suggested that the fish was well
adapted to seawater (Al-Amoudi, 1987 Hwang and Wu, 1988)
although an overall lower growth performance in seawater was
observed.
At 19 ration, significantly higher specific growth rate and
feed conversion efficiency was observed in freshwater than in
seawater (TABLE 4.7). A possible explanation was that there was
an increase in energy requirement for osmo-regulation in
seawater. Among various native freshwater species including Q.
mossambicus, exposure to increasing salinity resulted in a large
increase in energy requirement for maintenance and eventual
pronounced growth reduction (Brett, 1979). Indeed, the present
experiment revealed a significantly higher metabolic rate in the
seawater 0. mossambicus. In other experiments, metabolic cost of
osmo-regulation in seawater Salmo gairdneri was higher than that
in freshwater (Rao, .1968 in Johnson and Katavic, 1986 Eddy and
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Bath, 1979). Another possible explanation for lower growth and
feed utilization in seawater was a decrease in digestion
efficiency in seawater. In seawater, Tilapia mossambicus
increased water drinking to compensate for the osmotic water loss
to the environment (Potts et al., 1967 in Mainoya, 1982).
Augmented water drinking in seawater would result in shortening
of gastric evacuation time, dilution of gut enzymes and finally
incomplete food digestion and absorption (Ferraris et al., 1986).
Actually, the present experiment showed significantly lowered
intestinal amylase and trypsin activities in the seawater 0.
mossambicus, suggesting a lower digestion efficiency in seawater.
When the daily ration was increased to 2% body weight,
significantly higher intestinal amylase and trypsin activities
and lower basal metabolism were still-observed in the freshwater
0. mossambicus. However, it was a surprise that both freshwater
and seawater 0. mossambicus had about the same specific growth
rate, feed conversion efficiency, water content in muscle,
appetite and basal rate of ammonia excretion (TABLE 4.7). This
anomaly could be explained by the following 4 speculations:
(1) The seawater fish might have a faster rate of digestion and
absorption and thus any increases in enzyme activity would not be
observed when digestion has been completed. In fact, Collie
(1985) has demonstrated increases in rate of digestion and
absorption in Oncorhynchus kisutch adapted to seawater
(2) The seawater fish might have a higher ability to retain the
digested proteins despite having a lower activity of digestive
116
enzyme. Indeed, seawater Salmo gairdneri had a higher ability to
retain the digested protein than their freshwater counterparts
(Smith and Thorpe, 1976)
(3) Lesser amount of energy might have been lost through specific
dynamic action and ammonia excretion after feeding in the
seawater 0. mossambicus. Actually, this has been confirmed in
earlier experiment (Chapter 3 of this thesis)
(4) In the seawater fish, the overall metabolism might be
dominated by anabolism rather than catabolism, although a lower
amount of digested proteins might be available for growth in
seawater.
Actually, maximum growth of some euryhaline fish including 0.
mossambicus have been observed in salinities ranging from 25 to
32 0/00 when feed was provided at a high enough ration (Brett,
1979). In addition, Oreochromis aureus grew faster in 200/00
water than in 10/ water (Huang et al., 1988).
Further increasing the ration to 3% body weight, the
freshwater 0. mossambicus again had significantly higher specific
growth rate and feed conversion efficiency than their seawater
counterparts (TABLE 4.7). At this high ration (39), both the
freshwater and seawater fish have been suggested to have lost an
increased portion of feed energy during digestion and post-
absorptive nutrient processing when compared to that at 2% ration
(Section 4.3.2 and 4.3.3 of this Chapter). However, this
nutrient loss did not significantly lower the growth rate and
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feed conversion efficiency of the freshwater 0. mossambicus which
actually required less energy for osmo-regulation (Brett, 1979
Chapter 3 of this thesis and previous parts of this Chapter).
On the other hand, in seawater, this nutrient loss was much more
serious and hence decreased the specific growth rate from 0.984
/day at 2% ration to 0.663 %/day at 3% ration. These suggested
that at 3% ration, significantly higher growth rate and feed
utilization in the freshwater 0. mossambicus over their seawater
counterparts would be the consequence of higher energy
requirements for osmo-regulation, digestion and post-absorptive
nutrient processing in seawater.
4.4 CONCLUSIONS
Physiological processes such as digestion, absorption and
osmo-regulation are active, energy demanding processes. The
nutritional status will highly influence various physiological
processes within the body. For example, starvation would lead to
a decrease in gill Na+/K+ATPase in rainbow trout (Jurss, et al.,
1983), and enhanced hepatic glycogenolysis and decreased fat
utilization in Chrysophrys major (Woo and Murat, 1981)
Therefore, a low daily ration of 19 body weight (dietary energy
content= 4.3 Kcal/g, dietary protein to energy ratio= 116 mg
protein/Kcal) was not recommended for culturing 0. mossambicus.
A minimal daily ration of 2% body weight was needed for
sustaining reasonable growth of this species.
The present experiment has demonstrated significant effects
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of salinity on the feed requirement and growth of 0. mossambicus.
For culturing the species in freshwater (9-15g fish), the optimal
and maximal rations of the experimental diet were 2A and 3% body
weight per day respectively. On the other hand, both the optimal
and maximal rations for the seawater culture were 2% body weight
per day.
Unlike the freshwater culture, both the 1 and 3% rations
were not feasible for rearing 0. mossambicus in seawater. This
was due to the high energy requirements for osmo-regulation
and/or digestion and/or post-absorptive nutrient processing in
seawater. However, the yields of the freshwater and seawater
culture were comparable when a 2% ration was provided.
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4.5 TABLE 4.1- 4.7






Energy content*: 5.2 Kcal/g
a: weight loss at 105°C.
b: measured with the Micro-Kjeldahl method (Fels and Veatch,
1959).
C. weight loss after extraction in petroleum ether.
d: determined according to Dubois et al. (1956).
• Energy content was calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,1979).
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TABLE 4.2 Compositions of the experimental diets












a: Vitamin mixture contains (g/50g of mixture) 0.28g thiamine,
0.93g riboflavin, 0.20g pyridoxine, 7.1g inositol, 0.10g folic
acid, 35.04g choline, 2.00g niacin, 0.10g vitamin B12, 4.05g
vitamin C and 0.15g vitamin E (modified from Jauncey,1982).
b: Mineral mixture contains (g/150g of mixture) 94.01g Calcium
hydrogen phosphate, 20.31g Calcium carbonate, 12.55g Magnesium
sulphate, 4.00g Ferrous sulphate, 6.80g Potassium chloride,
11.06g Sodium chloride, 0.028g Aluminium sulphate, 0.55g Zinc
sulphate, 0.136g Copper sulphate, 0.378g Manganese sulphate,
0.0343g Sodium iodate and 0.14g Cobalt chloride (modified from
Jauncey,1982).
Energy content is calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,
1979).
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TABLE 4.3 F-values from two-way analysis of variance tests:
Effects of salinity and ration on specific growth rate (SGR), feed
conversion efficiency (FCE), appetite, muscle water content (muscle
water), intestinal trypsin and amylase activities (Trypsin and




( 4.8) ( 3.9)( 3.9)
24.729.151.8FCE
( 4.8) ( 3.9) ( 3.9)
0.022.24.3Appetite
( 3.9)( 3.9)( 4.8)
4.912.40.4Muscle water
( 3.2)( 3.2)( 4.1)
12.2 0.441.4Trypsin




( 3.9)( 3.9)( 4.8)
1.52.125.6Basal NH3 excretion
( 3.9)3.9)( 4.8)
*: significant treatment effect at P=0.05.
F-values at 11-0.05 are indicated in parentheses.
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'T'ABLE 4.4 Effects of ration on specific growth rate (SGR), feed
conversion efficiency (FCE), appetite, muscle water content
(muscle water), intestinal trypsin and amylase activities
(Trypsin and Amylase), basal metabolism and basal NH3
excretion of freshwater Oreochromis mossambicus
Ration
Parameters 1% 2% 3%
SGR® 0.444a 0.945b 1.256c
(%/day) (0.137) (0.051) (0.039)














Standard deviations are presented in parentheses.
Groups with the same alphabet are not significantly different at
P0.05 (Duncan's multiple range test).
N= 3 groups of 7 individuals
n= 7 individuals
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TABLE 4.5 Effects of ration on specific growth rate (SGR), feed
conversion efficiency (FCE), appetite, muscle water content
(muscle water), intestinal trypsin and amylase activities
(Trypsin and Amylase), basal metabolism and basal NH3
excretion of seawater Oreochromis mossambicus
Ration
Parameters 1% 2% 3%
-0.126aSGR® 0.984b 0. 663C
(0.054) (0.171)(%/day) (0.164)
HE (9














Standard deviations are presented in parentheses.
Groups with the same alphabet are not significantly different at
F=0.05 (Duncan's multiple range test).
N= 3 groups of 7 individuals
n= 7 individuals
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TABLE 4.6 Effects of salinity on the bioenergetics of
Oreochromis mossambicus: general comparisons

















Values represent the average of 1, 2 and 3% rations in
freshwater or seawater.
* indicates significant differences between freshwater and
seawater fish at P=0.05 (Two-way analysis of variance
tests).
SGR: specific growth rate
FCE: feed conversion efficiency
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TABLE 4.7 Effects of salinity on Oreochromis mossambicus fed at 1, 2
and 3% rations: (the value in seawater fish/the value in
freshwater fish at a particular ration) X 100
(Value in seawater fish/Value in freshwater fish) X 100
Parameters 1% 2% 3%
SGR 22 104 53
FCE 22 104 53
Appetite 87 92 75
Muscle water 99 100 102
Trypsin 39 53 57'
71Amylase 89 91
115Basal 02 110 125
85 63'67Basal NH3
*• significant difference between freshwater and seawater fish at
P=0.05 (Student's t-test).
SGR: specific growth rate
FCE: feed conversion efficiency
Basal 02: basal metabolism
Basal NH3: basal ammonia excretion
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CHAPTER 5
UTILIZATION OF SPIRULINA ALGAE BY OREOCHROMIS MOSSAMBICUS IN
FRESHWATER AND SEAWATER
5.1 INTRODUCTION
Fish meal has been shown to be highly efficient in promoting
fish growth (Cowey & Sargent, 1979). Consequently, it is now
widely used as the major protein source in formulating fish
diets. In recent years, a high global demand for fish meal has
therefore resulted in an inadequate supply of the highly
efficient, but expensive commodity. Thus, many fish
nutritionists are exploring the use of other efficient and
cheaper sources of proteins as a substitute for fish meal.
Many less expensive plant proteins have been tested for
complete or partial replacement of fish meal in fish diets.
Unfortunately, the results are mostly disappointing. Most plant
proteins generally support a lower growth rate than fish meal
(Dabrowski Kozak, 1979 Ferraris et al., 1986 Wee & Wang,
1987 Machiels, 1987 Olvera et al., 1988). The reasons for the
lower efficiency of plant proteins include (1) they are poorly
digested, (2) they do not have a balanced amino acid profile, and
(3) they contain toxic substances that may cause poor growth and
high mortality in fish (Jackson et al., 1982 Machiels, 1987).
Despite these general shortcomings of plant proteins, soya
bean meal has now become the most popular supplement of fish meal
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in fish diets (Nose, 1979 Robinson and Daniels, 1987) because of
its high protein content (about 50% dry matter) (F.A.O., 1983).
Thus, soya bean meal has found popularity among various
culturists in spite of its low digestible energy, low methionine
and lysine contents, and the presence of anti-trypsin factors
(Cho Slinger, 1979 Viola et al., 1982 Olvera et al., 1988).
For example, in formulating a milkfish diet, the replacement of
fish meal by soya bean meal supplemented with methionine has been
demonstrated to sustain good growth (Shiau et al., 1988). Since
soya bean meal may not be ideal for the culture of some fish
species and the supply of soya bean meal is limited due to its
diverse uses in human and animal nutrition, other potential
protein sources should be identified in order to satisfy the
increasing demand for protein in future fish culture.
There is evidence that the efficiency of algal meal diet is
comparable to that of fish meal and superior to that of soya bean
meal in the culture of some warmwater fishes (Hepher et al.,
1979). Spirulina algae which have a high protein content (about
65-70% dry weight), have been used as food source for animals and
humans (Durand-Chastel Clement, 1972 Elliot, 1988).
Unfortunately, only a few studies on the use of Spirulina as fish
feed have been attempted (e.g.. Atack et al., 1979 in Jobling,
1983).
In the present experiment, bioenergetic studies (including
the measurements of appetite, protein and carbohydrate digestion,
basal metabolism and ammonia excretion, growth and muscle
quality) on freshwater and seawater Oreochromis mossambicus fed
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different Spirulina diets were conducted in order to evaluate the
possibility of using Spirulina as an alternative protein source
in preparing feed for the species.
5.2 MATERIALS AND METHODS
5.2.1 The experimental diets
The experimental diets were made by thorough mixing of
appropriate amounts of commercial eel meal, commercial Spirulina
algae (Jackson Industrial Company, Hong Kong) and water. Three
diets (i.e. 2 Spirulina diets and an eel meal diet) were used.in
the experiment. The compositions of the experimental diets are
shown in TABLE 5.1. The Spirulina diets, namely S20 and 540,
were prepared by replacing 20% and 40% (w/w) commercial eel meal
with commercial Spirulina algae respectively. Eel meal diet
(E100) into which eel meal was incorporated as the sole protein
and energy sources was used as the control diet. The diets were
made into small pellets (length: 5mm, diameter: 3mm) before
given to the fish.
5.2.2 The experimental design and conditions
A total of three trials were carried out: 2 freshwater
trials (FW1 and FW2 trials) and a seawater trial (SW trial). The
experimental conditions for the 3 trials are summarized in TABLE
5.2.
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5.2.2.1 M trial: To evaluate the effects of substituting 20%
eel meal with Spirulina
The trial lasted for 25 days. Two groups of ten individual
freshwater 0. mossambicus, weighing between 7-8g, were randomly
chosen for the experiment. At the beginning of the experiment
(Day 1), the whole fish group was weighed to obtain the initial
weight of the group. Each group of fish was placed in a tank
containing 20 litres freshwater with constant aeration at 26-
28°C. The first group was fed the eel meal diet (E100) and the
second group was fed a diet in which 20% eel meal was replaced by
Spirulina (S20). Fish in both groups received a ration of 5%
initial body weight per day. The water in the tanks was changed
on alternate days.
After 15 days of feeding (Day 16), an appetite test which
measured the amount of a commercial, floating feed (Star Green
Mini, Yeaster Co.,Japan) consumed by each fish group in a 5
minute interval was conducted. On Day 21, the rates of basal
metabolism and ammonia excretion were measured in a 20 1 sealed
water-tank. At the end of the experiment (Day 26), the whole
fish group was weighed to determine the final weight of the
group. In these determinations, all the ten fish from each group
was used to provide a single datum point. Because of this
reason, these parts of the experiment (measurements of appetite,
basal rates of metabolism and ammonia excretion, and growth) were
repeated 3 times to obtain triplicate values (i.e. N= 3 groups
of 10 individuals).
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At the end of the experiment (Day 26), intestines were
dissected out from the 10 individuals in each group and kept
frozen at -20°C until analyzed for enzyme activities. For this
part of the experiment, each datum point represented value
obtained from an individual fish (i.e. n= 10 individuals).
5.2.2.2 FW2 trial: To evaluate the effects of increasing the
percentage of Spirulina in the diet from 20% to 40%.
This trial consisted of 2 groups of 8 freshwater individuals
(weighing between 14-16g). The. first group was fed a diet
containing 20% Spirulina (S20), while the second group received a
diet containing 40% Spirulina (S40). The fish in this experiment
were maintained on a ration of 2.5% initial body weight per day.
All the experimental conditions and plannings were similar to
that for FW1 trial (i.e. all the measurements were carried out as
described in FW1 trial). In addition, muscle was also collected
from individual fish at the end of the experiment (Day 26) for
the determination of water content.
5.2.2.3 SW trial: To evaluate the utilization of Spirulina by
seawater 0. mossambicus
Seawater 0. mossambicus weighing between 12-16g were used in
this trial. Three experimental groups of 5' individuals were
included. After an acclimation period of 7 days in 30°/°O
seawater, each group of fish was placed in a tank containing 20
litre seawater with constant aeration at 26-28°C, and fed one of
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the 3 experimental diets (E100, S20 and S40) at a daily ration of
2.5% initial body weight. The water in the tanks was changed on
alternate days. This trial lasted for 25 days.
The initial and final weights of each fish group were
recorded for the calculations of specific growth rate and feed
conversion efficiency. The growth measurement was repeated 3
times to obtain triplicate values (i.e. N= 3 groups of 5
individuals). At the end of the experiment (Day 26), intestine
and muscle were sampled from individual fish in each experimental
group for subsequent determinations of intestinal enzyme
activities and muscle water content respectively.
5.2.3 Analytical methods
(1) Specific growth rate (%/day)
final weight- initial weight
specific growth rate= -x 100%
final weight X 25 days
(Bromley and Smart, 1981)






A commercial floating feed (Star Green Mini, Yeaster Co.,
Japan) was used to determine fish appetite, and
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(4) Water content in muscle(%)
Water content in muscle was determined by the difference in
weight of muscle before and after complete oven-drying at 105°C.
(5) Basal metabolism (ml 02/g/h)
Twenty four hours after the last feeding, 02 consumption was
determined by measuring the decline in 02 partial pressure in a
20 litre sealed water-tank. 02 partial pressure was monitored
with an oxygen electrode (Radiometer Copenhagen E5046/0) coupled
to an Acid-Base Analyzer (Radiometer Copenhagen PHM71 MK2).
(6) Ammonia excretion (ug NH3-N/g/h)
Twenty four hours after the last feeding, the rate of NH3
excretion was determined by measuring the rate of increase in NH3
content in water. NH3 in water was determined with the
phenolhypochlorite method (Solorzano,1969).
(7) Preparation of intestinal enzyme solution
Intestine was sampled twenty four hours after the last
feeding. Whole intestine was homogenized with appropriate volume
of 0.8% NaCl solution using an Ultra-Turrax homogenizer (Type
TP18/10). The homogenate was centrifuged and the enzyme
supernatant was used for subsequent enzyme assays at 28°C.
(8) Intestinal cellulase activity (jimole glucose/g/h)
Intestinal cellulase activity was determined- by measuring
the reducing groups released from 0.5% carboxymethylcellulose
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solution by 0.2m1 enzyme supernatant (lw:4v dilution) (Rick
Stegbauer, 1974).
(9) Intestinal amylase activity (jimole maltose/g/min)
Intestinal amylase activity was determined by measuring the
maltose released from 0.5% starch solution by 0.lml enzyme
supernatant (1w:49v dilution) (Rick & Stegbauer, 1974).
(10) Intestinal protease activity (jig tyrosine/g/min)
Intestinal protease activity was determined by measuring the
amino acids released from 0.5% casein solution by 0.1ml enzyme
supernatant (1w:49v dilution) (Rick and Fritsch, 1974).
5.2.4 Statistical analyses
(1) For the FW1 trial, significant differences between fish/fish
groups fed the E100 and S20 diets were evaluated with Student's
t-test at the 0.05 significance level (Zar, 1984).
(2) For the FW2 trial, significant differences between fish/fish
groups fed the S20 and S40 diets were analyzed with Student's t-
test at the 0.05 significant level (Zar, 1984).
(3) For the SW trial, the differences among the fish/fish groups
fed the E100, S20 and S40 diets were assessed with one-way
analysis of variance test and followed by Duncan's multiple range
test at the 0.05 significance level (The NWA STATPAK, Version
2.1, Northwest Analytical, Inc., Portland, OR, 1982).
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5.3 RESULTS
5.3.1 The FW1 trial (TABLE 5.3)
Specific growth rate, feed conversion efficiency, appetite
(P0.25, N= 3 replicate groups of 10 individuals), intestinal
amylase and protease activities (P0.25, n= 10 individuals)
were similar in fish/fish groups fed the eel meal (E100) and
Spirulina (S20) diets. On the other hand, lower rates of basal
oxygen consumption and ammonia excretion (P0.05, N= 3 replicate
groups of 10 individuals) were found in fish fed Spirulina diet
(S20). Furthermore, there was a significantly higher intestinal
cellulase activity (P0.05, n= 8 individuals) in fish fed
Spirulina (S20).
5.3.2 The FW2 trial (TABLE 5.4)
Similar specific growth rate, feed conversion efficiency,
basal rate of metabolism and ammonia excretion (P0.25, N= 3
replicate groups of 8 individuals), intestinal cellulase
activity, muscle water content (P0.25, n= .9 individuals) and
appetite (P0.20, N= 3 replicate groups of 8 individuals) were
observed in fish/fish groups fed the 2 Spirulina diets: S20 and
540. However, significantly lower intestinal amylase activity
(P0.005, n= 9 individuals) and protease activity (P0.025, n=
9 individuals) were observed in fish fed the diet with a higher
Spirulina content (S40).
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5.3.3 The SW trial (TABLE 5.5 and 5.6)
There were no differences in growth, efficiency of feed
utilization (P0.05, N= 3 replicate groups of 5 individuals),
intestinal protease activity and water content in muscle (P0.05,
n= 7 individuals) among the fish/fish groups fed eel meal diet
(E100) and the 2 Spirulina diets (S20 and S40). However, fish
fed with Spirulina (S20 and S40) had a significantly higher
cellulase activity and a lower amylase activity than fish fed
E100 diet in which eel meal was used as the sole protein and
energy sources.
5.4 DISCUSSIONS
Increasing the percentages of Spirulina in feed led to
corresponding increases in intestinal cellulase activity. This
indicated that 0. mossambicus was able to digest cellulose, the
main constituent of plant cell wall. Once the cell wall is
broken, nutrients inside the nutritive algal cell were likely to
be easily digested, absorbed and utilized by the fish.
Similar intestinal amylase (FW1 trial) and protease
activities (FW1 and SW trials) were observed in fish fed the eel
meal diet and the Spirulina diets. This suggests that the
availability of digestible protein and energy from Spirulina
algae were almost equal to that from the commercial eel meal. On
the other hand, the protein and energy digestibilities of ground
corn, wheat middlings, poultry-offal meal and brewers grain
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(Hanley, 1987) as well as the energy digestibility of soya bean
(Cho Slinger, 1979 Viola et a1., 1982 Schmitz et al., 1984
Hanley, 1987) were inferior to that of fish meal. Therefore, it
is clear that replacing fish meal with these plant proteins would
cause decreases in fish growth. Indeed, in Cyprinus carpio and
Salmo gairdneri, the protein digestibility of Spirulina maxima
has been found to be higher than that of soya bean meal (cited in
Jobling, 1983). Additionally, in the FW1 trial, a lower rate of
basal oxygen consumption and ammonia excretion were observed in
fish fed Spirulina, suggesting that the algae could be
assimilated with a higher efficiency than the commercial eel meal
in 0. mossambicus. These resulted in similar growth, feed
conversion efficiency, muscle quality and appetite among fish
fed the eel meal diet and the two Spirulina diets in freshwater
and seawater.
The results of the present experiment demonstrated a
successful, though partial (at least 40% w/w), replacement of the
expensive eel meal by Spirulina algae. These also indicate that
Spirulina algae can be used as a protein of plant origin for
preparing feed for 0. mossambicus. However, a significantly
lower intestinal protease activity was found in the freshwater
fish fed the S40 diet. This. suggested that there might be a
decrease in efficiency of digesting the algal cells which consist
mostly proteins, when a higher percentage (i.e. 409) of
Spirulina is used to substitute the commercial eel meal. Whether
the high assimilation efficiency of Spirulina in 0. mossambicus
can justify its low protein digestibility needs to be further
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clarified.
Regarding amino acid composition, soya bean meal has been
shown to be deficient in lysine and other sulphur-containing
amino acids such as methionine (Dabrowski Kozak, 1979 Viola et
al., 1982). Substituting fish meal with soya bean meal resulted
in lowered fish growth and feed utilization (Hepher et al.,
1979). Actually, high growth rate of milkfish could be sustained
by soya bean meal only with methionine supplement (Shiau et
al.,1988). Unfortunately, amino acid supplement may not be
applicable to other fishes. It is because a protein diet has
been shown to be more efficient than the equivalent free amino
acid diet in promoting growth of Salmo gairdneri, Ictalurus
punctatus (Cowey and Walton, 1988) and Cyprinus carpio (Plakas
and Katayama, 1981 Cowey and Walton, 1988). Although Spirulina
has been shown to be deficient in sulphur-containing amino acids
(Elliot, 1988), the present results demonstrated that at least
40% of commercial eel meal could be replaced by Spirulina algae
without any supplement of the sulphur-containing amino-acids. At
the same time, such a substitution did not retard the growth of
0. mossambicus.
It is also important to point out that there has not been
any report of the presence of toxin in Spirulina algae. However,
growth-retarding or mortality-causative toxins in other plant
proteins such as alfatoxins in groundnut, gossypol in cotton
seed, glucosinolates in rapeseed, anti-trypsin factors in soya
bean (Jackson et al., 1982), mimosine in Leucaena leaf meal (Wee
Wang,. 1987), and non-thermolabile toxins in Jack Bean meal
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(Martinez-Palacios et a1., 1988) have been reported.
The success of utilizing Spirulina algae as a substitute for
the commercial eel meal could be attributable to the facts that
(1) the algae have a high protein content and a relatively
balanced amino acid profile, (2) the energy and protein
digestibilities of the algae were as high as those of the eel
meal, (3) the algae were assimilated with a higher efficiency
than the eel meal and (4) the algae contain no toxins which are
harmful to fish. Clearly, the utilization of Spirulina algae as
fish feed seems to have overcome the major problems which arise
when other plant proteins are used.
This experiment provides support for using Spirulina algae
as partial replacement of the commercial eel meal in diets for
freshwater and seawater 0. mossambicus. Using Spirulina as a
protein of plant origin for preparing fish feed would most likely
be extended to other omnivorous fish that possess cellulolytic
activity. However, in 0. mossambicus, breaking of the cellulose
cell wall to release the nutrients inside the algal cell should
not only be attributable to the presence of cellulase activity in
gut. Indeed, regulation of the rate of gastric evacuation for
digesting algal cells has been reported (De Silva and Owoyemi,
1983). Additionally, gastric acidification as reported by
Pandian and Vivekanandan (1985), may also play a role in
facilitating cellulose digestion. Furthermore, Elliot (1988)
suggested that some methods used for processing algae (e.g. drum
drying) may cause breakage of the cell wall, and thus may
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increase nutrient availability. Therefore, using Spirulina algae
as fish feed should also be applied to the culture of carnivorous
fish if suitable methods for processing algae are employed and
the mechanism of digestion in the carnivorous species can be
clarified. Actually, comparable growth (TABLE 5.7) was found in
a carnivorous fish, Lates calcarifer fed the eel meal diet (E100)
and the Spirulina diet (S20) although no cellulase activity was
detected in the guts of fish fed the Spirulina diet.
At present, the cost for cultivation of Spirulina is higher
than that for producing conventional plant proteins (Elliot,
1988). Therefore, future applications of Spirulina algae as feed
for fish culture will depend on further experiments to (1)
investigate the suitability of Spirulina algae to other fish
species and (2) devise efficient methods for cultivating,
harvesting and processing the nutritive algae.
5.5 CONCLUSIONS
Spirulina algae could be used as a protein source of plant
origin in preparing feed for Oreochromis mossambicus. In both
the freshwater and seawater culture, at least 40% (w/w) of the
commercial eel meal in feed could be replaced by the commercial
Spirulina algae without any amino acid supplement.
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5.6 TABLE 5.1- 5.7
TABLE 5.1 Formulations and proximate analyses of the experimental
diets
Eel meal diet Spirulina diets
E100 S20 S40
Ingredients(%)
Eel meal 55.0 44.0 33.0
Spirulina algae* 0.0 11.0 22.0






*: Jackson Industrial Company, Hong Kong.
a: measured with the modified Lowry method (Hartree, 1972).
b: weight loss after complete extraction in petroleum ether.
c: determined according to Dubois et al. (1956).
d• complete weight loss at 105°C.
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TABLE 5.2 Experimental conditions of the freshwater trials (FW1 and
FW2) and the seawater trial (SW)
Freshwater trials Seawater trial
Parameters
FWl FW2 SW
Salinity 0 0 30
(°/00)
Temperature 26-28 26-28 26-28
(°C)
Size of fish 7-8 14-16 12-16
(g/fish)
2 2 3No. of groups
(N)












a= specific growth rate, feed conversion efficiency, intestinal
amylase, cellulase and protease activities.
b= appetite, basal rates of metabolism and ammonia excretion.
C= muscle water content.
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TABLE 5.3 Results of the FW1 trial:
Specific growth rate, feed conversion efficiency, appetite, basal
metabolism, basal ammonia excretion rate and intestinal enzyme
activities in Oreochromis mossambicus fed the eel meal diet
(E100) and the Spirulina diet (S20)
Eel meal diet Spirulina diet
Parameters E100 S20
Specific growth ratea 1.94+ 0.12 1.96+ 0.20
(%/day)
Feed conversion efficiencya 0.388+ 0.024 0.392+ 0.041
Appetitea 2.78+ 0.40 2.92+ 0.26
(% body weight)
0.126+ 0.008* 0.113+ 0.005*Basal metabolisma
(ml 0/g/h)
0.128+ 0.004*0.145+ 0.013*NH3 excretion ratea
(pg NH3-N/g/h)
2.64+ 0.75*1.75+ 0.84Cellulase activity'
(pmole glucose/g/h)
116+ 11114+ 13Amylase activityc
(pmole maltose/g/min)
215+ 43210+ 66Protease activityc
(jig tyrosine/g/min)
Values are presented as means± standard deviation.
significant difference between the two groups (P0.05,
Student's t-test).
a: N= 3 replicate groups of 10 individuals.
b: n= 8 individuals.
c n= 10 individuals
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TABLE 5.4 Results of the FW2 trial:
Specific growth rate, feed conversion efficiency, appetite, basal
metabolism, basal ammonia excretion rate, water content in muscle
and intestinal enzyme activities in Oreochromis mossambicus fed
the Spirulina diets: S20 and S40
Parameters S20 S40
Specific growth ratea 0.508+ 0.050 0.474+ 0.124
(%/day)
Feed conversion efficiencya 0.389+ 0.038 0.363+ 0.095
Appetitea 1.20+ 0.43 1.41+ 0.14
(% body weight)
0.100+ 0.007 0.099+ 0.008Basal metabolisma
(ml 02/g/h)
0.098+ 0.003 0.095+ 0.026NH3 excretion ratea
(jig NH3-N/g/h)
2.57+ 1.323.05+ 2.08Cellulase activityb
()lmole glucose/g/h)
137+ 36195+ 24Amylase activity'
•(pmole maltose/g/min
188+ 42*238+ 38Protease activity
(jag tyrosine/g/min)
79.2+ 1.178.9+ 0.8Muscle water contentb
(%)
Values are presented as means± standard deviation.
significant difference between the two groups (P0.05,
Student's t-test).
a: N= 3 replicate groups of 8 individuals.
b n= 9 individuals.
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TABLE 5.5 Results of the SW trial:
F-values from one-way analysis of variance tests on the effects
of dietary Spirulina on specific growth rate, feed conversion
efficiency, water content in muscle and intestinal amylase,
protease and cellulase activities of seawater Oreochromis
mossambicus
Parameters F-values
Specific growth rate 1.1 (5.1)
Feed conversion efficiency 1.1 (5.1)
Water content in muscle 0.3 (3.6)
Amylase activity 867.0 (3.6)
Protease activity 7.3 (3.6)
Cellulase activity 12.4 (3.6)
F-values at P=0.05 are presented in parentheses.
: significant treatment effect at P=0.05.
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TABLE 5.6 Results of the SW trial:
Specific growth rate (SGR), feed conversion efficiency (FCE), water
content in muscle (Muscle water) and intestinal cellulase, amylase and
protease activities in Oreochromis mossambicus fed the eel meal diet
(E100) and the two Spirulina diets (S20 and S40)
Parameters E100 S20 S40
SGR® 0.569+ 0.150 0.735+ 0.119 0.745+ 0.204
(%/day)
FCE® 0.228+ 0.060 0.294+ 0.048 0.298+ 0.082
Muscle water# 79.0+ 0.4 79.0+ 0.5 79.1+ 0.5
(%)
2.25+ 0.501.71+ 0.14aCellulase activ.ity# 3.56+ 1.16b
(jimole glucose/g/h)
178+ 21b 184+ 15b212+ 19aAmylase activity
(pmole maltose/g/min)
234+ 14 234+ 28271+ 19Protease activity#
(pg tyrosine/g/min)
Values are presented as means± standard deviation.
Groups with the same alphabet were not significantly different at
P=0.05 (Duncan's multiple range test).
@: N= 3 replicate groups of 5 individuals.
#: n= 7 individuals.
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TABLE 5.7 Results of feeding trial in Lates calcarifer:
Specific growth rate and gut cellulase activity of L. calcarifer
fed the eel meal diet (E100) and the Spirulina diet (S20)
Group 1 Group 2
Trial one (lasted for 22 days)
Feed E100 S20
Ration(% body weight/day) 8.5 8.5
11 11Number of fish in the group
90.4 92.9Initial weight of the group (g)
191.7 205.3Final weight of the group (g)
5.1 5.5Specific growth rate (%/day)
0.0Gut cellulase (jimole maltase/h/g) 0.0
Trial two (lasted for 18 days)
S20 E100Feed
7.07.0Ration(% body weight/day)
1111Number of fish in the group
205.3191.7Initial weight of the group (g)
332.4309.4Final weight of the group (g)
3.43.4Specific growth rate (%/day)
0.00.0Gut cellulase (}mole maltose/h/g)
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CHAPTER 6
EFFECTS OF SALINITY ON THE PROTEIN AND ENERGY REQUIREMENTS OF
OREOCHROMIS MOSSAMBICUS
6.1 INTRODUCTION
In hypertonic environment, euryhaline teleosts such as
Tilapia mossambicus (Potts et al., 1967 in Mainoya, 1982), Salmo
gairdneri (Shehadeh and Gordon, 1969), Anguilla japonica and
Anguilla anguilla (Kirsch and Mayer-Gostan, 1973 and Hirano, 1974
in Usher et al., 1988) and Salmo salar (Usher et al., 1988) drank
water to replace the osmotic water loss to the, environment.
Augmented water drinking in seawater could result in shortening
of gastric evacuation time, dilution of gut enzymes and finally
incomplete digestion of food (Ferraris et al., 1986). Indeed,
seawater Oreochromis mossambicus showed a lower protein
digestibility when compared to their freshwater counterparts
(Chapter 3 of this thesis). Additionally, in Salmo gairdneri,
the dietary protein level required for the maximal growth at
200/0O seawater was higher than that at 100/00 seawater (Zeitoun
et al., 1973). Higher protein requirement and lowered protein
digestion efficiency in euryhaline fish adapted to seawater when
compared to their freshwater counterparts have led to the
speculation that there is a higher demand for dietary protein in
seawater (Ferraris et al., 1986).
Unlike the above speculation, the results of studies on 0.
mossambicus (Chapter 3 of this thesis) have shown that seawater-
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adapted fish had a high requirement for dietary energy, but not
dietary protein. An increase in dietary energy level led to
growth enhancement in seawater 0. mossambicus. Additionally,
isocalorific diets with different protein contents resulted in
similar growth, suggesting that eurylialine fish in seawater would
have a high demand for dietary energy which may or may not be
solely supplied by protein.
It seems that the effects of salinity on the protein and
energy requirements of euryhaline fish are not well established.
Therefore, the exact protein and energy requirements at different
salinities need to be identified before suitable feeds can be
formulated for maximal production.
Feeds like trash fish muscle which have low protein (209)
and energy (1.7 Kcal/g) contents were inferior to feeds with
higher protein and energy contents in sustaining growth of 0.
mossambicus (Chapter 3 of this thesis). Besides, using trash
fish muscle as feed will also result in-rapid deterioration of
water quality (F.A.O., 1983) and cause the fish to be highly
susceptible to diseases. Additionally, there are also problems
such as quality control and storage (F.A.O., 1983). Therefore,
from the nutritional and environmental points of views, trash
fish muscle was not a suitable feed for fish culture. In order
to attain a high production in a short period of time, formulated
feeds with high protein and energy contents should be used.
However, these results will need further confirmation with other
types of fish proteins (i.e. different fish meals). Since dry
hard feed used in the earlier experiment (Chapter 3 of this
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thesis) had similar nutrient contents and a different texture as
trash fish muscle, the effects of using a feed with similar
nutrient contents and texture as trash fish muscle (i.e. semi-
moist feed) also need to be clarified.
Since data on the effects of salinity on the protein and
energy requirements of fish are scarce (Zeitoun et al., 1973
Tacon and Cowey, 1985), the present experiment was carried out to
provide more information on this aspect. Growth of both
freshwater and seawater 0. mossambicus fed different semi-moist
feeds with different protein and energy contents were measured in
order to investigate the effects of salinity on the protein and
energy requirements of the species. In addition, the growth
promoting efficiencies of trash fish muscle and formulated feeds
with high protein and energy contents were also compared.
6.2 MATERIALS AND METHODS
6.2.1 The experimental diets
Three experimental diets produced by thorough mixing of
appropriate amounts of eel meal (Jackson Industrial Company, Hong
Kong composition shown in TABLE 6.1), starch and water were
used. They were (1) a low energy diet with 20% protein (L20), (2)
a high energy diet with 20% protein (1120) and (3) a high energy
diet with 30% protein WO).
L20, the basal diet used for formulating the other two
diets, was made to have similar nutrient contents and texture as
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trash fish muscle. The composition of trash fish muscle was
shown in TABLE 6.2.
H2O and H30 were formulated to have a higher energy content
than the L20 diet by replacing part of the water in the L20 diet
with starch and eel meal respectively. The two high energy diets
were made to be isocalorific but with different protein contents.
The compositions of the experimental diets are shown in
TABLE 6.3. The diets were made into small pellets (length: 5mm,
diameter: 3mm) and given to the fish at a ration of 2% initial
body weight per day for 21 days.
6.2.2 The experimental design
Six groups (2 salinities with 3 diet variables at each
salinity) were included in the present experiment. They were
three freshwater groups (fed L20, H2O and H30) and three seawater
groups (fed L20, H2O and H30).
After an acclimation period of seven day in freshwater or
300/0O seawater, random groups of seven individuals weighing
between 12-16 g were assigned to one of the six experimental
tanks (3 containing 20 litres of freshwater and 3 containing 20
litres of seawater) at the beginning of the experiment (Day 1).
The initial weight of each fish group was recorded. Then the
fish were fed with the assigned experimental diets for 21 days.
At the end of the experiment (Day 22), the final weight of
each fish group was measured for the calculation of specific
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growth rate in the group. The whole experiment was run in
triplicate (i.e. N= 3 groups of 7 individuals).
6.2.3 The experimental conditions
Each group of seven fish was placed in a tank containing
twenty litres of water with constant aeration at 25°C. The fish
were fed with the assigned experimental diets for twenty one days
at a ration of 2% initial body weight per day. The water in the
tank was changed on alternate days.
6.2.4 Analytical method
final weight- initial weight
- X 100%Specific growth rate
initial weight X 21 days(%/day)
(Bromley and Smart, 1981)
6.2.5 Statistical analyses
The NWA STATPAK, Version 2.1 (Northwest Analytical, Inc.,
Portland, OR, 1982) was used for statistical analyses of data.
(1) The effects of salinity and dietary composition on the growth
of fish were assessed with two-way analysis of variance test at
F=0.05.
(2) Among the three freshwater or seawater fish groups, the
effects of dietary energy and protein contents on fish growth
were analyzed with one-way analysis of variance test and then by
Duncan's multiple range test at x-0.05.
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6.3 RESULTS
TABLE 6.4 shows the F-values from two-way analysis of
variance tests on the effects of salinity and dietary composition
on fish growth. Salinity had no effect on fish growth, whereas
dietary protein and energy contents affected growth
significantly. Besides, there was no interaction between salinity
and dietary composition on the growth of the species.
TABLE 6.5 shows the growth of the freshwater and seawater
fish fed the experimental diets (L20, H2O and H30). The lowest
specific growth rate was recorded in the fish fed the diet with
low protein and energy contents (L20). Growth improvement was
attained when the energy content or protein content in the diet
was increased. In freshwater, when compared to the low energy
feed (L20), a significantly higher growth was observed only when
the protein content in the high energy diet was 30% but not 20%.
However, in seawater, increases in dietary energy contents
regardless of energy source (i.e. increasing the dietary energy
content with either a protein or a non-protein energy source)
resulted in significantly higher growth.
6.4 DISCUSSIONS
When compared with the formulated diets with higher protein
and energy contents (H20 and H30), the L20 diet resulted in
significantly lower specific growth rate in 0. mossambicus. The
present results were in agreement with those of earlier
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experiment (Chapter 3 of this thesis) in which dry hard feeds
were used. Since the L20 diet had similar nutrient contents and
texture as trash fish muscle, the use of trash fish muscle as
feed for rearing 0. mossambicus was not recommended. Indeed,
feeds with similar protein and energy contents as trash fish
muscle (protein content= 20%, energy content= 1.7 Kcal/g) were
found to be inferior to feed with higher protein and energy
contents (protein content 20%, energy content 1.7 Kcal/g) in
supporting growth of Ictalurus punctatus (Morgan et al., 1977),
Ctenopharyngodon idella fry (Dabrowski, 1977), ten families of
rainbow trouts (Austreng and Refstie, 1979), Clarias gariepinus
(Machiels and Henken, 1985), Oreochromis niloticus breeder
(Santiago et al., 1985), Anguilla anguilla (Degani and Viola,
1987). Besides, in freshwater Sarotherodon mossambicus weighing
-about 2g, the maximum growth rate was observed when a diet with a
protein content of 40% and an energy content of 3.6 Kcal/g was
provided (Jauncey, 1982).
In the present experiment, no difference in growth was found
between freshwater and seawater 0. mossambicus. The reason was
likely to be that the low protein contents in the experimental
feeds (20-30%) had not satisfied the high protein requirement of
the freshwater fish, thus limiting growth in freshwater.
Actually, in freshwater Sarotherodon mossambicus, a feed with
40% protein was needed for the maximum growth (Jauncey, 1982).
Additionally, similar results (TABLE 6.6) has been found in
earlier experiment (Chapter 3 of this thesis) on the effects of
increasing protein. contents in isocalorific diets on growth. A
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significantly higher growth in freshwater over seawater was
observed only when the protein content in the diets was 40-50%
and not 20-30%. These tend to provide support for the notion
that there was a high protein requirement in freshwater 0.
mossambicus. Similarly, amino acids but not energy were the
growth limiting f.actor in freshwater male Sarotherodon
mossambicus weighing about 1.7g (Jackson and Capper, 1982).
However, the present results were in contrast to other studies in
which high demands for dietary protein were noted in euryhaline
fish adapted to increasing salinities (Zeitoun et al., 1973
Ferraris et al., 1986).
Although the specific growth rate was not affected by
salinity, the protein and energy requirements of 0. mossambicus
were found to be quite different in freshwater and seawater.
Similar to the earlier results (Chapter 3 of this thesis), energy
from protein source seemed to be more efficient than energy from
non-protein source in promoting growth in freshwater. On the
other hand, both protein and non-protein energy source had
similar efficiencies in sustaining growth in seawater.
The results of the present experiment were further analyzed
together with that from earlier experiment (Chapter 5 of this
thesis) in which the same commercial eel meal was used as the
sole or major protein and energy sources. Datum points obtained
in the present- (Chapter 6) and earlier (Chapter 5) experiments
were re-plotted in FIGURE 6.1- 6.4 where lines of best fit were
drawn using the method of least squares (Zar, 1984). TABLE 6.7
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summarizes the experimental conditions, feeding regimes and exact
values of the datum points in FIGURE 6.1- 6.4.
FIGURE 6.1 and 6.2 show the effects of increasing daily
energy intake on fish growth. The relationship between specific
growth rate and daily energy intake would be summarized by the
following equations:
For the freshwater fish,
y = 20.58x- 0.56 (r = 0.78)
(F-value= 4.6 n= 1,3 0.25 P 0.10)
where y is specific growth rate and x is daily energy intake.
For the seawater fish,
y = 37.63x- 1.22 (r = 0.90)
(F-value = 17.2 n = 1,4 0.025 P 0.010)
where y is specific growth rate and x is daily energy intake.
Analysis of variance tests (Zar, 1984) showed that specific
growth rate in seawater 0. mossambicus significantly depended on
the daily energy intake (0.025 P 0.010). On the other hand,
in freshwater, specific growth rate was independent from the
daily energy intake (0.25 P 0.10). These supported that an
increase in daily energy intake (from 0.03 to 0.05 Kcal/g fish)
was essential for sustaining growth of 0. mossambicus in seawater
but not in freshwater. Besides, these also suggested that there
was a high demand for dietary energy in seawater-adapted 0.
mossambicus. Indeed, the evidence for high energy requirements
in seawater-adapted euryhaline fish has been shown in other
studies. The evidence includes:
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(1) In seawater, there was a 27% increase in metabolic cost in
Salmo gairdneri (Rao, 1968 in Johnson and Katavic, 1986)
(2) In Salmo gairdneri adapted to 20°/0o seawater, ionic
equilibrium was maintained by greater energy expenditure in
chloride regulation (Eddy and Bath, 1979)
(3) Fish eat to meet their energy requirements (Cowey and
Sargent, 1979 Cho et a1, 1985). In Cyprinodon macularius, food
intake increased with increases in ambient salinities up to
350/00 (Kinne, 1960). Increased food consumption may indicate a
high energy requirement in seawater. Similar observation was
also found in Mugil cephalus (De Silva and Perera, 1976)
(4) Growth is an energy demanding process (Jobling, 1985), and
there is a prime demand for energy to support maintenance
requirement before growth can be attained (Brett, 1979).
Therefore, a low growth rate may indicate a high energy
requirement for maintenance. Growth and survival rates of
Dicentrarchus labrax larvae were increased when ambient salinity
was reduced from 38°/0O to 10 and 20 0/00 (Johnson and Katavic,
1986), suggesting a high energy requirement in seawater
(5) Salmo gairdneri at 200/00 seawater grew slower than that at
freshwater and 8 °/00 seawater (Jurss et a1., 1986)
(6) In juvenile Oncorhynchus gorbuscha, an increase in the time
period of seawater exposure resulted in lowered growth and
survival rates (Beacham and Murray, 1987)
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(7) In Salmo
gairdneri adapted to 0°C, mortality was observed
in seawater, but not in freshwater (Finstad et al., 1988)
(8) In Mugil cephalus, when a constant ration was given, feed
conversion efficiency decreased with increasing salinity (De
Silva and Perera, 1976)
(9) Maintenance and reproduction require the expenditure of
energy (Wootton, 1985). However, when channelling of energy is
involved, maintenance requirement has the first priority (Brett,
1979). Therefore, a low reproductive performance may indicate a
high energy cost for maintenance. In Oreochromis spilurus, a
higher reproductive performance (as indicated by higher
fecundity, hatching rate and survival of fry) was found in 3-
40/00 groundwater than in 38-41°/0o seawater (Al-Ahmad et al.,
1988).
Supplementing the previous speculation of a high requirement
of dietary protein in euryhaline fish adapted to seawater
(Ferraris et al., 1986), the present findings demonstrated a
high demand for dietary energy in seawater 0. mossambicus
although protein might act as an energy source. Therefore, for
rearing the fish in seawater, not only the dietary protein
content but also the dietary energy content should be increased
in order to attain a higher fish growth and more economic use of
the expensive protein in feed formulation.
At a daily energy intake of 0.05 Kcal/g fish, the effects of
increasing dietary protein content on fish growth in freshwater
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and seawater were shown in FIGURE 6.3 and 6.4 respectively. The
relationship between fish growth and dietary protein content can
be summarized by the following equations:
For the freshwater fish,
y= 0.036x- 0.507 (r= 0.90)
(F-value= 9.0 n= 1,2 0.10 P 0.05)
where y is specific growth rate and x is dietary protein content.
For the seawater fish,
y= 0.036x- 0.335 (r= 0.66)
(F-value= 2.3 n= 1,3 0.25 P 0.10)
where y is specific growth rate and x is dietary protein content.
Analysis of variance tests (Zar, 1984) were used to test for
the significance of the regression lines.- In seawater, specific
growth rate was independent from dietary protein content (0.25
P 0.10). On the other hand, in freshwater, the dependence of
specific growth rate on dietary protein content was found to be
marginally significant (0.10 P 0.05). These also supported
the notion that 0. mossambicus had a higher demand for dietary
protein to support growth in freshwater than in seawater (the
previous part of this Section).
TABLE 6.8 shows the growth rate of 0. mossambicus fed semi-
moist feeds (the present Chapter) and dry hard feeds (Chapter 3).
No difference was found in freshwater fish. On the other hand,
growth rate in seawater was clearly lower when dry hard feeds
were provided. Dry hard feeds were considered more difficult to
be digested than semi-moist feeds. As the seawater fish was
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energy demanding (Brett, 1979 Chapter 3 and 4 of this thesis
the previous part of this Chapter), increased amount of energy
spent in feeding and digesting dry hard feeds might further
decrease the amount of energy available for growth. In fact,
negative growth was only observed in seawater fish fed dry hard
feeds. Therefore, for culturing seawater 0. mossambicus which
had a higher metabolic requirement for maintenance and a lower
digestion efficiency than their freshwater counterparts (Chapter
3 and 4 of this thesis), semi-moist feeds should be adopted to
minimize the energy cost for food digestion. However, the
physical characteristics (i.e. hardness) of feed had little
effect on growth in freshwater.
6.5 CONCLUSIONS
Salinity did affect the protein and energy requirements of
0. mossambicus. Therefore, different feeding regimes should be
devised at different salinities.
Protein energy seemed to be indispensable for increasing the
growth rate of freshwater 0. mossambicus. On the other hand, in
seawater, there was an elevated demand for dietary energy which
may be satisfied by protein and/or non-protein energy sources. In
addition, dry hard feeds were inferior to semi-moist feeds in
promoting fish growth in seawater. However, physical
characteristics of feeds did not affect growth in freshwater.
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6.6 TABLE 6.1- 6.8






Energy content*: 3.6 Kcal/g
@: Jackson Industrial Company, Hong Kong.
Energy content was calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,1979).
a: complete weight loss at 105°C.
b: measured with the modified Lowry method (Hartree, 1972).
c: weight loss after complete extraction in petroleum ether.
d: determined according to Dubois et al. (1956).
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Energy content: 1.7 Kcal/g
Energy content was calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al.,
1979).
a: complete weight loss at 105°C.
b: measured with the micro-Kjeldahl method (Fels and Veatch,
1959).
c: weight loss after complete extraction in petroleum ether.
d: determined according to Dubois et al. (1956).
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TABLE 6.3 Compositions of the experimental diets
Ingredients(%) L20 H2O H30
Eel meal 40 40 60
Starch 0 20 0
Water 60 40 40
Protein 19 19 28
Lipid 3 3 4
Carbohydrate 4 24 6
Energy content 1.5 2.3 2.2
(Kcal/g)
:Energy content was calculated by assuming that the
physiological values of protein, lipid and carbohydrate are
5.65, 9.45 and 4.10 Kcal/g respectively (Shimeno et al., 1979).
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TABLE 6.4 F-values resulting from two-way analysis of variance
tests on the effects salinity and diet variables on
growth of Oreochromis mossambicus
Variables F-value n F-value at P=0.05
Salinity 0.01 1,12 4.75
Diet 11.18 2,12 3.89
Interaction 0.57 2,12 3.89
164
TABLE 6.5 Specific growth rate of freshwater and seawater
Oreochromis mossambicus fed diets* of different
protein and energy contents




H2O 0.169+ 0.145a 0.269+ 0.106b
H30 0.507+ 0.029b 0.571+ 0.158b
L and H represent diets with low and high energy densities
respectively, whereas the numbers indicate the percentages of
protein in the diets.
Values are presented in mean± standard deviation (N= 3 groups
of 7 individuals).
The values in the same column and having the same alphabet are
not significantly different at P=0.05 (Duncan's multiple range
test).
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TABLE 6.6 Comparisons of the growth of the freshwater and seawater
Oreochromis mossambicus fed dry hard isocalorific feeds
with increasing protein contents (20, 30, 40 and 50%)
(From Chapter 3 of this thesis)
Specific growth rate (%/day)
Diets Freshwater Seawater t-values*
-0.092H2O 0.073 0.82 ns
(0.193) (0.210)
-0.123H30 0.193 2.94 m
(0.004) (0.152)




Standard deviation are presented in parentheses.
Student's t-test was employed to assess the significance of the
results. ns, m and s indicate the difference between growth of
the freshwater and seawater fish are non-significant, marginally
significant and significant at P=0.05 respectively.
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TABLE 6.7 The experimental conditions, feeding regimes and results
of growth measurements in the studies on the utilization of dietary
protein and energy in Oreochromis mossambicus (Part 1)
No. Salinity Temperature Fish size Diet composition
(°/00) (°C) (g/fish)
From Chapter 5 of this thesis:
1 0 26-28 14-16 44% eel meal,
11% Spirulina,
45% water
2 0 26-28 14-16 33% eel meal,
22% Spirulina,
45% water
3 30 26-28 12-16 55% eel meal,
45% water
4 30 26-28 12-16 44% eel meal,
11% Spirulina,
45% water
12-16 33% eel meal,26-28305
22% Spirulina,
45% water















*:the numbers indicate the datum points in FIGURE 1-4.
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TABLE 6.7 (Part 2)
No. Dietary protein Daily energy Specific growth
content(%) intake (Kcal/g) rate (%/day)
From Chapter 5 of this thesis:
1 26 0.050 0.510
2 26 0.050 0.474
3 26 0.050 0.570
4 26 0.050 0.740
5 26 0.050 0.750







*:the numbers indicate the datum points in Figure 1-4.
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TABLE 6.8 Comparisons of the growth of Oreochromis mossambicus fed
dry hard feeds and semi-moist feeds
Salinity Daily energyDaily protein Specific growth
(0/00) intake (g/100g) intake (Kcal/g) rate (%/day)
Dry hard feeds (From Chapter 3 of this thesis):
0 0.4 4.5 0.437+ 0.076
0 0.5 4.5 0.440+ 0.193
30 0.4 4.5 0.099+ 0.069
30 0.5 4.5 -0.120+ 0.076






6.7 FIGURE 6.1- 6.4
FIGURE 6.1
Relationship between the specific growth rate of freshwater
Oreochromis mossambicus and daily energy intake. The values
of the datum points and details of experimental conditions
are presented in TABLE 6.7. The solid line represents the
simple linear regression equation: y= 20.58x- 0.56 (F=
4.6 0.25 P 0.10), where y is specific growth rate and
x is daily energy intake.

















Relatioship between the specific growth rate of seawater
Oreochromis mossambicus and daily energy intake. The values
of the datum points and details of experimental conditions
are presented in TABLE 6.7. The solid line represents the
simple linear regression equation: y= 37.63x- 1.22 (F=
17.2 0.025 P 0.010), where y is specific growth rate
and x is daily energy intake.


















Relationship between the specific growth rate of freshwater
Oreochromis mossambicus and dietary protein content at a
daily energy intake of 0.05 Kcal/g fish. The values of the
datum points and details of experimental conditions are
presented in TABLE 6.7. The solid line represents the
simple linear regression equation: y= 0.036x- 0.507 (F=
9.0 0.10 P 0.05), where y is specific growth rate and
x is dietary protein content.
















Relationship between the specific growth rate of seawater
Oreochromis mossambicus and dietary protein content at a
daily energy intake of 0.05 Kcal/g fish. The values of the
datum points and details of experimental conditions are
presented in TABLE 6.7. The solid line represents the
simple linear regression equation: y= 0.036x- 0.335 (F=
2.3 0.25 P> 0.10), where y is specific growth rate and
x is dietary protein content.
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For culturing Oreochromis mossambicus in freshwater and
seawater, feeds with low energy (2 Kcal/g) and protein (20%)
contents were inferior to feeds with higher energy and protein
contents in supporting fish growth. The explanation for this
result was that there was a prime demand for energy and protein
to support maintenance requirement before growth could be
attained. This finding suggested that low energy and protein
feeds such as trash fish muscle (energy density= 1.7 Kcal/g,
protein content= 20%) were not the suitable feeds for culturing
0. mossambicus. In order to attain a high production in a short
period of time, formulated feeds with high energy and protein
contents should be used. Dietary mineral and vitamin premixes
did not affect the growth of 0. mossambicus. Therefore, dietary
minerals and vitamins were considered to be less essential than
dietary energy and protein for supporting growth of 0.
mossambicus.
Oxygen consumption rate of 0. mossambicus was higher in
seawater than in freshwater, indicating a higher metabolic cost
for maintenance in seawater. When a constant amount of food was
provided, a higher proportion of the food energy was used to
fulfill the metabolic requirement in seawater than in
freshwater. As a result, both growth rate and feed utilizing
efficiency were generally lower in seawater.
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In addition, lowered growth rate and feed utilizing
efficiency in seawater 0. mossambicus could be attributed to a
lower digestion efficiency in seawater. A lower digestion
efficiency in seawater might be the consequence of augmented
water drinking to compensate for osmotic water loss to hypertonic
environment (Shehadeh and Gordon, 1969 Usher et al., 1988).
Support for this explanation was provided by the fact that
enhanced drinking in seawater could lead to shortening of gastric
evacuation time, dilution of gut enzymes and finally incomplete
digestion of food (Ferraris et al., 1986).
Freshwater 0. mossambicus had a higher rate of ammonia
excretion than their seawater counterparts. This suggested that
higher protein degradation and poorer protein conservation were
possible in freshwater. A higher rate of protein degradation in
freshwater might be an adaptive mechanism for osmo-regulation in
hypotonic environment. It was because the branchial excretion of
ammonium ion has been suggested to accompany the uptake of sodium
ion (Maetz and Garcia-Romeu, 1964).
Salinity did affect the protein and energy requirements of
0. mossambicus. In seawater, a higher metabolic cost for
maintenance and a lower efficiency of food digestion prompted an
increase in requirement of dietary energy regardless of the
proportions of protein and non-protein energy in diet. Indeed,
increases in dietary energy supply were accompanied by improved
growth rate in seawater. When a dry hard feed with an energy
content of 4.3 Kcal/g and a protein to energy ratio of 116
mg/Kcal was provided, positive growth of seawater 0. mossambicus
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was observed when the daily ration was 2% body weight but not
1%/day. When semi-moist feeds were provided at a daily ration of
2% body weight, positive growth occurred only when the dietary
energy content was 2.2 Kcal/g but not 1.5 Kcal/g.
In freshwater 0. mossambicus, it appeared that there was a
prime demand for protein energy for osmo-regulation. Actually,
in freshwater, increased growth and feed utilization were found
only when the dietary protein supply was increased. In contrast,
increases in supply of non-protein energy in diet did not
significantly improve the growth of freshwater 0. mossambicus.
When dry hard feeds with an energy content of 4.5 Kcal/g were
provided at a daily ration of 1% body weight, the optimal growth
in freshwater was obtained with the feed containing 40% protein.
When semi-moist feeds with an energy content of 2.2 Kcal/g were
provided at a daily ration of 2% body weight, an increase in
dietary protein content from 20% to 30% significantly increased
the specific growth rate from 0.169 to 0.507 %/day.
Salinity not only affected the protein and energy
requirements of 0. mossambicus, but also influenced their feed
requirements. When a dry and hard feed with an energy content of
4.5 Kcal/g and a protein to energy ratio of 116 mg/Kcal was
provided at daily rations of 1, 2 and 3% body weight (i.e. the
daily energy inputs were 45, 90 and 135 cal/g fish respectively),
the optimal and maximal rations for freshwater fish were 2 and 3A
respectively. On the other hand, both the optimal and maximal
rations for 0. mossambicus in seawater were 2% body weight.
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These results showed that the optimal state of positive energy
balance for seawater 0. mossambicus was accomplished by a 29
ration (i.e. the daily energy input= 90 cal/g. fish). This
optimal point of energy balance was very fragile and would be
easily ruined by a lower or higher energy supply. In case of
lowered energy supply (i.e. 45 cal/g) there was not enough
energy to support the high metabolic requirement for maintenance
in seawater. The result was observed as negative growth. In
case of excess energy supply (135 cal/g), there was a drastically
increased metabolic requirement for digestion and post-absorptive
nutrient processing, which eventually resulted in decreased
growth rate and feed utilization in seawater.
Another effect of salinity on- the f eed requirements of 0.
mossambicus was found by comparing the effects of dry hard feeds
and semi-moist feeds on fish growth. At a daily energy intake of
45 cal/g fish, no difference was found between freshwater fish
fed the dry hard feeds and semi-moist feeds. However, this
situation was different in seawater where fish fed dry hard feeds
showed considerably lower specific growth rate than fish fed
semi-moist feeds. Dry and hard feeds were considered to be less
digestible than semi-moist feeds. These results suggested that
for culturing seawater Q. mossambicus which had a higher
metabolic requirement for maintenance and a lower digestion
efficiency than their freshwater counterparts, semi-moist feeds
should be used in order to minimize the energy cost of food
digestion. On the other hand, the physical characteristics
(hardness) of the feeds seemed to have very little effect on the
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growth of 0. mossambicus in freshwater.
In order to increase the yield of freshwater culture of 0.
mossambicus, more attention should be paid on the protein
requirement of the fish. The present studies showed that a feed
with a protein content of at least 30% was needed for culturing
the species in freshwater. In addition, the optimal dietary
protein content and dietary protein to energy, ratio should be
around 40% and 88 mg/Kcal respectively.
Seawater culture of 0. mossambicus would be profitable only
if the energy requirement of the fish could be met (i.e. daily
energy supply or= 45 cal/g fish depending on the composition,
form and ration of the feed). The yield of seawater culture
would be comparable to that of freshwater culture if (1) high
energy density feeds, (2) easily digested feeds and (3) suitable
rations were adopted.
The present studies also demonstrated that at least 40% of
the commercial eel meal in feeds for both freshwater and seawater
0. mossambicus could be substituted by commercial Spirulina algae
without any amino acid supplement. The success of Spirulina
utilization by Q. mossambicus should be attributable to the facts
that (1) the fish was capable for digesting the cellulose cell
wall of the algae, thus making the nutrients inside the algal
cell to be easily digested and absorbed, (2) the fish digested
the algae and -the eel meal with about the same efficiency, (3)
the fish assimilated the algae at a higher efficiency than the
eel meal, (4) the algae had a high protein content and a balanced
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amino acid profile, and (5) the algae did not contain any toxins
which were harmful to the fish. The present results indicated
that Spirulina algae would be a potential protein source of plant
origin for preparing fish feeds.
The present studies provided various information about the
nutrient requirements of 0. mossambicus in freshwater and
seawater. The information was hoped to be useful for improving
the cost efficiency of the freshwater tilapia culture and
formulating suitable feeds for culturing the tilapia in seawater.
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